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 ﯿﺪهﭼﮑ
ﻭ  ﻱﺑﻌـﺪ ﺳـﻪ ﻊ ﻳ. ﺗﻮﺯﺑﺎﺷﺪ ﻲﻣ ﻱﻣﺮﮐﺰ ﻲﺴﺘﻢ ﻋﺼﺒﻴﻮ ﺳﻴﻌﺎﺕ ﺩﮊﻧﺮﺍﺗﻳﺩﺭﻣﺎﻥ ﺿﺎ ﻱﺑﺮﺍ ﻫﺎ ﺭﻭﺵ ﻦﻳﺗﺮ ﺪﻭﺍﺭﮐﻨﻨﺪﻩﻴﺍﻣﺍﺯ  ﻲﮑﻳﺑﺎﻓﺖ ﻋﺼﺐ  ﻲﻣﻬﻨﺪﺳ :ﻫﺪف و ﻨﻪﯿزﻣ ﺶﯿﭘ
ﺑـﺮ ﺑﺎﻓـﺖ ﻋـﻼﻭﻩ  ﻲﻣﻬﻨﺪﺳ ـ ﻣﻮﺭﺩﺍﺳـﺘﻔﺎﺩﻩ ﺩﺭ  ﻱﻫﺎ ﺩﺍﺭﺑﺴﺖ. ﺑﺎﺷﺪ ﻲﻣ ﺑﺮﺧﻮﺭﺩﺍﺭﺑﺎﻓﺖ ﻋﺼﺐ  ﻲﻣﻬﻨﺪﺳ ﻱﺑﺮﺍ ﻲﻨﻴﺖ ﺑﺎﻟﻴﺩﺭﻭﻥ ﺩﺍﺭﺑﺴﺖ ﻣﺘﺨﻠﺨﻞ ﺍﺯ ﺍﻫﻤ ﻫﺎ ﺳﻠﻮﻝﺭﺷﺪ 
-ﺍﻝ-ﻲﺩﺭ ﺩﺍﺭﺑﺴﺖ ﭘﻠ ﺎﺩﺷﺪﻩﻳ ﻱﻫﺎ ﻲﮋﮔﻳﻭﺳﺎﺧﺖ ﻭ ﻣﻄﺎﻟﻌﻪ  ﺑﻪ ﺩﻧﺒﺎﻝﻦ ﻣﻄﺎﻟﻌﻪ ﻳﺰ ﺑﺎﺷﻨﺪ. ﻣﺎ ﺩﺭ ﺍﻴﻭ ﻣﺘﺨﻠﺨﻞ ﻧ ﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺴﺖﻳﺯﻣﻨﺎﺳﺐ ﺑﺎﻳﺪ ﺯﻳﺴﺖ ﺳﺎﺯﮔﺎﺭ،  ﻋﻤﻠﮑﺮﺩ
  .ﻢﻴﻫﺴﺘﺑﺎﻓﺖ ﻋﺼﺐ  ﻲﻣﻬﻨﺪﺳ ﮐﺎﺭﺑﺮﺩ ﺁﻥ ﺩﺭ ﻣﻨﻈﻮﺭ ﺑﻪ )ALLP( ﺪﻴﺍﺳ-ﮏﻴﻻﮐﺘ
 ﻲﺳـﻨﺠ  ﻒﻴ ـﻃﻪ ﺷـﺪ. ﺍﺯ ﻴ ـﺗﻬ ﻲﺴ ـﻳﺭﻭﺵ ﺍﻟﮑﺘﺮﻭﺭ ﻠﻪﻴﻭﺳ ـﺑـﻪ ﻣﻨﺎﺳـﺐ  ﻱﺑـﺎ ﺳـﺎﺧﺘﺎﺭ ﻭ ﻣﻮﺭﻓﻮﻟـﻮﮊ  ALLP ﻧـﺎﻧﻮ ﺩﺍﺭﺑﺴـﺖ  ﻲﻦ ﻣﻄﺎﻟﻌـﻪ ﺗﺠﺮﺑ  ـﻳﺍ ﺩﺭ :ﻫﺎ روشﻣﻮاد و 
ﺩﺍﺭﺑﺴـﺖ ﺍﺳـﺘﻔﺎﺩﻩ ﺷـﺪ.  ﻲﮑ ـﻳﺰﻴﻭ ﻓ ﻳﻲﺎﻴﻤﻴﻦ ﺳﺎﺧﺘﺎﺭ ﺷﻴﻴﺗﻌ ﻱﺐ ﺑﺮﺍﻴﺑﻪ ﺗﺮﺗ ﻧﮕﺎﺭﻩ ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﻭ ﻣ )derarfnI mrofsnarT reiruoF ,RITF(ﻗﺮﻣﺰ ﻣﺎﺩﻭﻥ
 ﻱﺟﺪﺍﺳـﺎﺯ  ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎﺳﻠﻮﻝ ﺖﻳﺩﺭﻧﻬﺎﻗﺮﺍﺭ ﮔﺮﻓﺖ.  ﻲﻣﻮﺭﺩﺑﺮﺭﺳ )SBP( ﻦﻴﺭﻭﺯ ﺩﺭ ﺩﺍﺧﻞ ﻣﺤﻠﻮﻝ ﻓﺴﻔﺎﺕ ﺑﺎﻓﺮﺳﺎﻟ ۰۴ ﻲﺩﺍﺭﺑﺴﺖ ﻃ ﻱﺮﻳﺐ ﭘﺬﻳﺰﺍﻥ ﺗﺨﺮﻴﻦ ﻣﻴﻫﻤﭽﻨ
  ﺪ.ﻳﮔﺮﺩ ﻲﺑﺮﺭﺳ ﻲﺍﻟﮑﺘﺮﻭﻧﮑﺮﻭﺳﮑﻮﭖ ﻴﺗﻮﺳﻂ ﻣ ﻫﺎ ﺁﻥ ﻱﻣﻮﺭﻓﻮﻟﻮﮊ ﺍﺗﺼﺎﻝ ﻭ ﻭ ﻧﺤﻮﻩ ﺩﺍﺭﺑﺴﺖ ﮐﺸﺖ ﺩﺍﺩﻩ ﺷﺪ ﻱﺭﻭ ﺑﺮ ﺑﺎﻟﻎﺷﺪﻩ ﺍﺯ ﻣﻐﺰ ﻣﻮﺵ 
 ﺑﻮﺩﻥ ﺩﺍﺭﺑﺴﺖ ﺳﺎﺧﺘﻪ ﺷـﺪﻩ ﺑـﻮﺩ.  ﻱﺒﺮﻴﻭ ﻧﺎﻧﻮ ﻓ ﻣﻨﺎﺳﺐ ﻲﺎﺕ ﺳﻄﺤﻴﺧﺼﻮﺻ ﺩﻫﻨﺪﻩ ﻧﺸﺎﻥﻧﮕﺎﺭﻩ  ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﻣﻄﺎﻟﻌﺎﺕ ﻣ ﻠﻪﻴﻭﺳ ﺑﻪ ﺷﺪﻩ ﮐﺴﺐﺞ ﻳ: ﻧﺘﺎﻫﺎ ﺎﻓﺘﻪﯾ
ﻂ ﺭﺍ ﮐﻤﺘﺮ ﻴﻣﺤ Hpﻦ ﻴﻫﻤﭽﻨ ﻭ ﺍﺳﺖ ﺑﺮﺧﻮﺭﺩﺍﺭ ﻲﻣﻄﻠﻮﺑﺖ ﺟﺬﺏ ﺁﺏ ﻴﺐ ﻭ ﺧﺎﺻﻳﺍﺯ ﺳﺮﻋﺖ ﺗﺨﺮ ALLP ﺩﺍﺭﺑﺴﺖﻧﺎﻧﻮ ﻣﺸﺨﺺ ﺷﺪ ﮐﻪ  ،ﻱﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺁﺯﻣﻮﻥ ﻲﻃ
ﺑﺮ  ﺷﺪﻩ ﺩﺍﺩﻩﻣﻐﺰ ﻣﻮﺵ ﺑﺎﻟﻎ ﮐﺸﺖ  ﻲﺳﺎﺯ ﻋﺼﺒﺶ ﻴﻭ ﭘ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎﺳﻠﻮﻝ، ﺍﺗﺼﺎﻝ ﻣﻮﻓﻖ ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﻣ ﺮﻳﺍﺯ ﺗﺼﺎﻭﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ  ﺖﻳﺩﺭﻧﻬﺎ .ﺩﻫﺪ ﻲﻣﻗﺮﺍﺭ  ﺮﻴﺗﺄﺛﺗﺤﺖ 
  ﻗﺮﺍﺭ ﮔﺮﻓﺖ. ﺪﻳﻴﺗﺄﻭ  ﻲﻣﻮﺭﺩﺑﺮﺭﺳﺩﺍﺭﺑﺴﺖ  ﻱﺭﻭ
 ﻭ ﺭﻭﺵﺑﻮﺩﻩ  ﻲﺳﺎﺯ ﻋﺼﺒﺶ ﻴﻭ ﭘ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﺰ ﻳﺑﺴﺘﺮ ﻣﻨﺎﺳﺒﻲ ﺑﺮﺍﻱ ﮐﺸﺖ ﻭ ﺗﻤﺎ ALLP ﻧﺎﻧﻮ ﺩﺍﺭﺑﺴﺖﻛﻪ  ﺭﺳﺪ ﻲﻣﺑﻪ ﻧﻈﺮ  ﺁﻣﺪﻩ ﺩﺳﺖ ﺑﻪ ﺞﻳﺍﺯ ﻧﺘﺎ: يﺮﯿﮔ ﺠﻪﯿﻧﺘ
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  ﻣﻘﺪﻣﻪ
ﺑﺎﻓﺖ ﺩﺭ ﺩﺭﻣﺎﻥ  ﻲﺑﻪ ﮐﻤﮏ ﻣﻬﻨﺪﺳ ﻲﺍﻣﺮﻭﺯﻩ ﺳﻠﻮﻝ ﺩﺭﻣﺎﻧ
ﻮﺳﻴﺴﺘﻢ ﻋﺼﺒﻲ ﻣﺮﻛﺰﻱ ﺍﺯﺟﻤﻠﻪ ﻴﺩﮊﻧﺮﺍﺗ ﻱﻫﺎ ﻱﻤﺎﺭﻴﺑﺑﺴﻴﺎﺭﻱ ﺍﺯ 
. ﺩﺭﻣﺎﻥ (۱)ﺷﻮﺩ ﻲﻣﺍﺳﺘﻔﺎﺩﻩ  ﻲﻌﺎﺕ ﻧﺨﺎﻋﻳﭘﺎﺭﻛﻴﻨﺴﻮﻥ، ﺁﻟﺰﺍﻳﻤﺮ ﻭ ﺿﺎ
 ﻱﻫﺎ ﺑﺎﻓﺖ ﻭﺟﻮﺩ ﺩﺍﺭﺩ، ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻫﺎ ﻱﻤﺎﺭﻴﺑ ﮔﻮﻧﻪ ﻦﻳﺍﺭﺍﻳﺠﻲ ﻛﻪ ﺑﺮﺍﻱ 
ﺍﺳﺖ، ﻭﻟﻲ ﺑﻪ ﺩﻟﻴﻞ ﻋﻮﺍﺭﺽ ﻧﺎﺷﻲ  ﺪﻩﻳﺩ ﺐﻴﺁﺳﺳﺎﻟﻢ ﺍﻃﺮﺍﻑ ﺑﺎﻓﺖ 
ﺟﺮﺍﺣﻲ،  ﺍﺯ ﺍﻋﻤﺎﻝﭘﺲ  ﻱﻫﺎ ﻋﻔﻮﻧﺖﺍﺯﺟﻤﻠﻪ ﺷﻴﻮﻉ  ﻫﺎ ﺭﻭﺵ ﮔﻮﻧﻪ ﻦﻳﺍﺯﺍ
ﻣﻬﻨﺪﺳﻲ  ﻱﺍ ﺭﺷﺘﻪ ﺎﻥﻴﻣ ﺍﺯ ﻋﻠﻢﻣﺤﻘﻘﺎﻥ ﻣﺨﺘﻠﻒ ﺩﺭﺻﺪﺩ ﺍﺳﺘﻔﺎﺩﻩ 
ﺯﻳﺴﺘﻲ ﻣﻨﺎﺳﺐ ﺑﺮﺁﻣﺪﻧﺪ.  ﻱﻫﺎ ﻦﻳﮕﺰﻳﺟﺎﺑﺎﻓﺖ ﻋﺼﺐ ﺑﺮﺍﻱ ﺗﻮﻟﻴﺪ 
 ﮐﻪ ﻱﻃﻮﺭ ﺑﻪﺍﺳﺖ،  ﻱﺍ ﺪﻩﻴﭽﻴﭘ ﻲﺴﺘﻳﺪﻩ ﺯﻳﭘﺪ ﻲﻋﺼﺒ ﺴﺘﻢﻴﻢ ﺳﻴﺗﺮﻣ
ﻢ ﺩﺍﺷﺘﻪ ﻴﺖ ﺗﺮﻣﻴﻗﺎﺑﻠ ﻲﻄﻴﻣﺤ ﻲﺴﺘﻢ ﻋﺼﺒﻴﻌﺎﺕ ﮐﻮﭼﮏ ﺩﺭ ﺳﻳﺿﺎ
ﻮﻧﺪ ﺍﻋﺼﺎﺏ ﻴﻭ ﭘ ﻲﻖ ﺟﺮﺍﺣﻳﺪ ﺍﺯ ﻃﺮﻳﺑﺎ ﺗﺮ ﺑﺰﺭﮒﺟﺮﺍﺣﺎﺕ  ﮐﻪ ﻲﺩﺭﺣﺎﻟ
ﻌﺎﺕ ﻳﻢ ﺿﺎﻴﺍﺳﺖ ﮐﻪ ﺗﺮﻣ ﻲﻦ ﺩﺭ ﺣﺎﻟﻳ. ﺍ(۳-۱)ﻢ ﺷﻮﺩ ﻴﺗﺮﻣ ﻲﻄﻴﻣﺤ
ﺍﺳﺖ.  ﺗﺮ ﺪﻩﻴﭽﻴﭘﺎﻥ ﻴﻦ ﻣﻳﻧﺨﺎﻉ ﺩﺭ ﺍ ﺍﺯﺟﻤﻠﻪ ﻱﺴﺘﻢ ﻋﺼﺐ ﻣﺮﮐﺰﻴﺳ
 ﻱﻫﺎ ﺩﺍﺭﺑﺴﺖﻭﺍﻗﻊ ﺷﺪﻩ ﺍﺳﺖ ﮐﺎﺭﺑﺮﺩ  ﻣﻮﺭﺩﺗﻮﺟﻪﺎﺭ ﻴﺁﻧﭽﻪ ﺍﮐﻨﻮﻥ ﺑﺴ
. (۴)ﺑﺎﺷﺪ ﻲﻣﺭﺷﺪ  ﻱﻭ ﻓﺎﮐﺘﻮﺭﻫﺎ ﻫﺎ ﺳﻠﻮﻝﺑﻪ ﻫﻤﺮﺍﻩ  ﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺴﺖﻳﺯ
ﻦ ﻭ ﻴﺒﺮﻭﻧﮑﺘﻴﻦ، ﮐﻼﮊﻥ، ﻓﻴﻨﻴﮐﻪ ﻻﻣﻣﻄﺎﻟﻌﺎﺕ ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺍﺳﺖ 
 ﻱﺍ ﻨﻪﻴﺯﻣﻫﺎ ﻭ ﻣﻮﺍﺩ  ﮑﺎﻥﻴﻨﻮﮔﻠﻴﮑﻮﺯﺁﻣﻴﻫﺎ ﻭ ﮔﻠ ﮑﺎﻥﻴﺍﺯ ﭘﺮﻭﺗﺌﻮﮔﻠ ﻱﺎﺭﻴﺑﺴ
، ﺷﻮﻧﺪ ﻲﻣﻭ ﺭﺷﺪ ﺁﮐﺴﻮﻥ  ﻲﺖ ﻋﺼﺒﻴﻞ ﻓﻌﺎﻟﻳﺳﺒﺐ ﺗﻌﺪ ﻲﺧﺎﺭﺝ ﺳﻠﻮﻟ
، ﻲﻨﻳﺒﺮﻴﻓ ﻱﻫﺎ ﮊﻝﻨﻮﮊﻥ، ﻳﺒﺮﻴﺪ، ﻓﻴﮏ ﺍﺳﻴﺎﻟﻮﺭﻭﻧﻴﻣﺎﻧﻨﺪ ﻫ ﻱﻣﻮﺍﺩ
ﺑﮑﺎﺭ ﺑﺮﺩﻩ  ﻲﻌﺎﺕ ﻋﺼﺒﻳﻢ ﺿﺎﻴﺘﻮﺳﺎﻥ ﺩﺭ ﺗﺮﻣﻴﻭ ﮐﺁﮔﺎﺭﺯ  ﻨﺎﺕ،ﻳﺁﻟﮋ
 ﻱﻫﺎ ﺩﺍﺭﺑﺴﺖ ﻱﺑﺮ ﺭﻭ ﻲﻘﺎﺕ ﻓﺮﺍﻭﺍﻧﻴﻦ ﺗﺤﻘﻴ. ﻫﻤﭽﻨ(۵)ﺍﻧﺪ ﺷﺪﻩ
ﺍﺯ ﻣﻮﺍﺩ  ﻱﻢ ﻋﺼﺐ ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪﻩ ﺍﺳﺖ. ﺗﻌﺪﺍﺩﻴﺟﻬﺖ ﺗﺮﻣ ﻲﻣﺼﻨﻮﻋ
ﺍﺯ:  ﺍﻧﺪ ﻋﺒﺎﺭﺕﻫﺴﺘﻨﺪ  ﻣﺆﺛﺮﻢ ﻋﺼﺐ ﻴﮐﻪ ﺟﻬﺖ ﮐﻤﮏ ﺩﺭ ﺗﺮﻣ ﻱﺳﻨﺘﺰ
ﮏ ﻴﻻﮐﺘ ﻲ(، ﭘﻠAGPﺪ)ﻴﮏ ﺍﺳﻴﮑﻮﻟﻴﮔﻠ ﻲﺍﺯﺟﻤﻠﻪ ﭘﻠ ﺍﺳﺘﺮﻫﺎ ﻲﭘﻠ
 ﻲﻣﺎﻧﻨﺪ ﭘﻠ ﻲﺒﺎﺗﻴﻦ ﺗﺮﮐﻴﻭ ﻫﻤﭽﻨ ﻫﺎ ﺁﻥﻤﺮ ﻴ( ﻭ ﮐﻮﭘﻠALPﺪ)ﻴﺍﺳ
  .(۷-۵)ﻓﺴﻔﺎﮊﻥ ﻲﺮﺍﺕ ﻭ ﭘﻠﻴﺑﻮﺗ ﻲﺪﺭﻭﮐﺴﻴﻫ -۳ ﻲﺍﻭﺭﺗﺎﻥ، ﭘﻠ
 )ALLP(ﺪ ﻴﮏ ﺍﺳﻴﻻﮐﺘ-ﺍﻝ-ﻲﻣﺜﻞ ﭘﻠ ﻱﺪﻴﺍﺳ ﻲﺪﺭﻭﮐﺴﻴﻫ ﻲﭘﻠ
 ﻲﺫﺍﺗ ﻱﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺴﺖﻳﺯﻭ  ﻱﺴﺖ ﺳﺎﺯﮔﺎﺭﻳﺖ ﺯﻴﻞ ﺧﺎﺻﻴﺑﻪ ﺩﻟ
ﺩﺭ  ﻱﮐﻪ ﺍﻣﺮﻭﺯﻩ ﮐﺎﺭﺑﺮﺩ ﮔﺴﺘﺮﺩﻩ ﺍ ﺑﺎﺷﺪ ﻲﻣ ﻱﺳﻨﺘﺰ ﻱﻤﺮﻫﺎﻴﺍﺯﺟﻤﻠﻪ ﭘﻠ
ﻭ ﻫﻤﮑﺎﺭﺍﻥ ﺩﺍﺭﺑﺴﺖ  ﺎﻧﮓﻳ .(۸)ﺑﺎﻓﺖ ﺩﺍﺭﺩ ﻲﻭ ﻣﻬﻨﺪﺳ ﻲﻋﺮﺻﻪ ﭘﺰﺷﮑ
 - ﻊﻳﻓﺎﺯ ﻣﺎ ﻱﺟﺪﺍﺳﺎﺯ ﻲﺭﺍ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻭﺵ ﺩﺳﺘ ALLPﻣﺘﺨﻠﺨﻞ 
ﺮ ﻴﺭﺷﺪ ﻭ ﺗﮑﺜ ،ﺎﺕ ﺩﺍﺭﺑﺴﺖﻴﺧﺼﻮﺻ ﻲﻪ ﮐﺮﺩﻧﺪ ﻭ ﺑﻌﺪ ﺍﺯ ﺑﺮﺭﺳﻴﻊ ﺗﻬﻳﻣﺎ
 ﺁﻥ ﻱﺭﺍ ﺑﺮ ﺭﻭﺍﺯ ﻣﺨﭽﻪ  ﺟﺪﺍﺷﺪﻩ ﻲﻋﺼﺒ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝ
ﮕﺮ ﺑﻞ ﻭ ﻫﻤﮑﺎﺭﺍﻥ ﻭﺍﮐﻨﺶ ﻳﺩ ﻱ ﻣﻄﺎﻟﻌﻪ. ﺩﺭ (۹)ﻗﺮﺍﺭ ﺩﺍﺩﻧﺪ ﻲﻣﻮﺭﺩﺑﺮﺭﺳ
ﻂ ﻣﺸﺎﺑﻪ ﺑﺪﻥ ﻴﺩﺭ ﻣﺤ ﺍﺭ ALLP ﻤﺮﻴﻪ ﺷﺪﻥ ﭘﻠﻳﻭ ﺳﺮﻋﺖ ﺗﺠﺰﺳﻨﺘﺰ 
ﺰ ﻴﺯﺍﺩﻩ ﻭ ﻫﻤﮑﺎﺭﺍﻥ ﻧ ﻱﻣﻨﺼﻮﺭ .(۰۱)ﻗﺮﺍﺭ ﺩﺍﺩﻧﺪ ﻣﻮﺭﺩﻣﻄﺎﻟﻌﻪﺍﻧﺴﺎﻥ 
 ﻭ ﻧﻤﻮﺩﻩﻪ ﻴﺗﻬ ﻲﺴﻳﺭﻭﺵ ﺍﻟﮑﺘﺮﻭﺭﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺭﺍ  ALLPﺩﺍﺭﺑﺴﺖ 
 ﻲﻦ ﺍﻧﺴﺎﻧﻴﺑﻨﺪ ﻧﺎﻑ ﺟﻨ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﺰ ﻳﮐﺸﺖ ﻭ ﺗﻤﺎﻣﻮﻓﻖ ﺷﺪﻧﺪ 
  .(۱۱)ﺩﻫﻨﺪﻗﺮﺍﺭ  ﻲﻣﻮﺭﺩﺑﺮﺭﺳﺩﺭ ﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﺭﺍ 
ﻣﻨﺎﺳﺐ  ﻱﻤﺮﻴﮏ ﺩﺍﺭﺑﺴﺖ ﭘﻠﻳﺳﺎﺧﺖ  ﻣﻨﻈﻮﺭ ﺑﻪﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ 
ﺑﻪ  ALLPﺑﺎﻓﺖ ﻋﺼﺐ ﺩﺍﺭﺑﺴﺖ ﭘﻠﻴﻤﺮﻱ  ﻲﺟﻬﺖ ﺍﺳﺘﻔﺎﺩﻩ ﺩﺭ ﻣﻬﻨﺪﺳ
ﻂ ﻴﺩﺭ ﻣﺤ (۲۱)ﻲﺗﺼﺎﺩﻓ ﻱﺒﺮﻫﺎﻴﻓ ﺻﻮﺭﺕ ﺑﻪ ﻲﺴﻳﺭﻭﺵ ﺍﻟﮑﺘﺮﻭﺭ
ﺳﺎﻋﺖ، ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ  ۶ ﻲﻭ ﻃ ﮔﺮﺍﺩ ﻲﺳﺎﻧﺘﺩﺭﺟﻪ  ۵۲ ﻱﺸﮕﺎﻩ ﺑﺎ ﺩﻣﺎﻳﺁﺯﻣﺎ
( ﺳﻨﺘﺰ ﺷﺪﻭ ﺑﺎ  FMDﺪ)ﻴﺪﻫﻞ ﻓﺮﻣﺎﻟﻴﻣﺘ ﻱﺍﺯ ﺣﻼﻝ ﮐﻠﺮﻭﻓﺮﻡ ﻭ ﺩ
ﺰ ﺑﻮﺩﻩ ﻭ ﻣﻤﮑﻦ ﺍﺳﺖ ﻣﻨﺠﺮ ﻳﺁﺑﮕﺮ ﻲﺑﻄﻮﺭ ﺫﺍﺗ ALLPﻨﮑﻪ ﻳﺗﻮﺟﻪ ﺑﻪ ﺍ
: ﺍﻟﺘﻬﺎﺏ، ﻋﻔﻮﻧﺖ، ﺷﻞ ﺍﺯﺟﻤﻠﻪﺩﺭ ﺑﺪﻥ  ﻲﺧﺎﺭﺟ ﻱﻫﺎ ﻭﺍﮐﻨﺶﺠﺎﺩ ﻳﺑﻪ ﺍ
ﻭ  ﻱﺰﻳﮐﺎﻫﺶ ﺁﺑﮕﺮ ﻱﺑﺮﺍ ﻟﺬﺍ ﺷﻮﺩ، ﻲﻌﺎﺕ ﺩﺍﺧﻠﻳﺎ ﺿﺎﻳﮏ ﻴﺷﺪﻥ ﺁﺳﭙﺘ
ﻤﺎﺭ ﺑﺎ ﭘﻼﺳﻤﺎ ﺑﺮ ﻴ، ﺗﻱﻤﺮﻴﻦ ﻣﺎﺩﻩ ﭘﻠﻳﺍ ﻱﺖ ﺍﺗﺼﺎﻝ ﺳﻠﻮﻝ ﺑﺮ ﺭﻭﻳﺗﻘﻮ
، ﻲﮑﻳﻭ ﺧﻮﺍﺹ ﻣﻮﺭﻓﻮﻟﻮﮊ(۴۱, ۳۱)ﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﺍﻧﺠﺎﻡ ﮔﺮﻓﺖ ﻱﺭﻭ
 ﻣﻨﻈﻮﺭ ﺑﻪ ﻱﺒﺮﻴﻦ ﺩﺍﺭﺑﺴﺖ ﻧﺎﻧﻮ ﻓﻳﺍ ﻱﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺴﺖﻳﺯﻭ  ﻳﻲﺎﻴﻤﻴﺷ
 ؛ ﻭﻗﺮﺍﺭ ﮔﺮﻓﺖ ﻲﺎﺑﻳﺑﺎﻓﺖ ﻋﺼﺐ ﻣﻮﺭﺩ ﺍﺭﺯ ﻲﮐﺎﺭﺑﺮﺩ ﺁﻥ ﺩﺭ ﻣﻬﻨﺪﺳ
ﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺤﻮﻩ ﺭﺷﺪ ﻭ ﺍﺗﺼﺎﻝ ﻳﺍ ﻦ ﺑﺎﺭ ﺩﺭﻴﺍﻭﻟ ﻱﺑﺮﺍ ﺖﻳﺩﺭﻧﻬﺎ
ﻪ ﺗﺤﺖ ﻴﺟﺪﺍ ﺷﺪﻩ ﺍﺯ ﻧﺎﺣ ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﻭ ﭘ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝ
  ﺩﺍﺭﺑﺴﺖ ﻓﻮﻕ ﻣﻮﺭﺩ ﻣﻄﺎﻟﻌﻪ ﻗﺮﺍﺭ ﮔﺮﻓﺖ. ﻱﺭﻭ ﺑﺮ ﺑﺎﻟﻎﻣﻐﺰ ﻣﻮﺵ  ﻲﺑﻄﻨ
  
  ﻫﺎ روشﻣﻮاد و 
  :ﻲﺴﻳﺑﻪ ﺭﻭﺵ ﺍﻟﮑﺘﺮﻭﺭ ALLP ﻱﻤﺮﻴﺳﺎﺧﺖ ﺩﺍﺭﺑﺴﺖ ﭘﻠ
 ,scinortcelE reneiD(ﻲﺴﻳﻦ ﻣﻨﻈﻮﺭ ﺍﺯ ﺩﺳﺘﮕﺎﻩ ﺍﻟﮑﺘﺮﻭﺭﻳﺑﻪ ﺍ
ﻤﺮ ﻴﻖ ﻣﺤﻠﻮﻝ ﭘﻠﻳﺗﺰﺭ ﻱﺑﺮﺍ ﻲﮏ ﭘﻤﭗ ﺳﺮﻧﮕﻳﮐﻪ ﺷﺎﻣﻞ  )ynamreG
 ﻪﻳﻦ ﺻﻔﺤﻪ ﺟﻤﻊ ﮐﻨﻨﺪﻩ ﻭ ﭘﻤﭗ ﺗﻐﺬﻴﺑ ﻱﺪ ﻭﻟﺘﺎﮊ ﻗﻮﻴﮏ ﻣﻨﺒﻊ ﺗﻮﻟﻳﻭ 
 ,hcirdlA -amgiS( ALLPﻤﺮ ﻴﭘﻠ ﺍﺑﺘﺪﺍ ، ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪ.ﺑﺎﺷﺪ ﻲﻣ
ﻞ ﻴﻣﺘ ﻱﻭ ﺩﺩﺭ ﺣﻼﻝ ﮐﻠﺮﻭﻓﺮﻡ ﮏ، ﻳ ﻲﺘﻪ ﺫﺍﺗﻳﺴﮑﻮﺯﻳﺑﺎ ﻭ )ynamreG
 ﮐﺎﻣﻼﹰ( ynamreG ,hcirdlA-amgiS،ﺩﺭﺻﺪ ۸ V/Vﺪ )ﻴﻓﺮﻣﺎﻟﺪﻫ
ﺩﺭ  ﻲﺴﻳﺠﺎﺩ ﺷﻮﺩ. ﺳﭙﺲ ﻣﺤﻠﻮﻝ ﺍﻟﮑﺘﺮﻭﺭﻳﺍ ﻱﺪﺍﺭﻳﻖ ﭘﺎﻴﺣﻞ ﺷﺪ ﺗﺎ ﺗﻌﻠ
 ﻲﻠﻴﻣ ۰/۵ ﻲﺑﺎ ﻗﻄﺮ ﺩﺍﺧﻠ ﻲﺳﻮﺯﻧ ﻱﮐﻪ ﺩﺍﺭﺍ ﻱﺘﺮﻴﻟ ﻲﻠﻴﻣ ۵ﺳﺮﻧﮓ 
 ﻱﺎﻥ ﻭﻟﺘﺎﮊ ﻭ ﺍﻟﮑﺘﺮﻭﺩ ﺑﻌﺪﻳﻣﺘﺮ ﺑﻮﺩ، ﻗﺮﺍﺭ ﮔﺮﻓﺖ. ﺳﻮﺯﻥ ﺳﺮﻧﮓ ﺑﻪ ﺟﺮ
ﺑﺮﺍﺑﺮ  ﻖ ﻣﺤﻠﻮﻝﻳﺪ. ﺳﺮﻋﺖ ﺗﺰﺭﻳﻣﺘﺼﻞ ﮔﺮﺩ ﻲﻮﻣﻴﻨﻴﺑﻪ ﺳﻄﺢ ﻭﺭﻗﻪ ﺁﻟﻮﻣ
ﻦ ﺳﻮﺯﻥ ﻭ ﺟﻤﻊ ﮐﻨﻨﺪﻩ، ﻴﻢ ﺷﺪ ﻭ ﺑﻴﺘﺮ ﺩﺭ ﺳﺎﻋﺖ ﺗﻨﻈﻴﻟ ﻲﻠﻴﻣ ۰/۴
 ﻱﻞ ﺷﺪﻩ، ﺑﺮ ﺭﻭﻴﺎﻑ ﺗﺸﮑﻴﺠﺎﺩ ﺷﺪ. ﻧﺎﻧﻮ ﺍﻟﻳﻠﻮ ﻭﻟﺖ ﺍﻴﮐ ۵۱ ﻱﻭﻟﺘﺎﮊ ﻗﻮ
ﺍﺯ ﻧﻮﮎ ﺳﻮﺯﻥ ﻗﺮﺍﺭ  ﻱﻤﺘﺮﻴﺳﺎﻧﺘ ۵۱ﮐﻪ ﺩﺭ ﻓﺎﺻﻠﻪ  ﻲﻮﻣﻴﻨﻴﻭﺭﻕ ﺁﻟﻮﻣ
 ﻱﺸﮕﺎﻩ ﺑﺎ ﺩﻣﺎﻳﻂ ﺁﺯﻣﺎﻴﺩﺭ ﻣﺤ ﻲﺴﻳﺷﺪ. ﺍﻟﮑﺘﺮﻭﺭ ﻱﺁﻭﺭ ﺟﻤﻊ ﺩﺍﺷﺖ،
 ﻣﻌﻤﻮﻻﹰ .(۵۱)ﺳﺎﻋﺖ ﺍﻧﺠﺎﻡ ﺷﺪ ۶ ﻲﺮﺍﺩ ﻃﮔ ﻲﺩﺭﺟﻪ ﺳﺎﻧﺘ ۵۲ﺣﺪﻭﺩ 
ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ  ﺑﺎ ﺶ ﺩﺭﺻﺪ ﺍﺗﺼﺎﻝ ﺳﻠﻮﻝ ﺑﻪ ﺩﺍﺭﺑﺴﺖ،ﻳﺍﻓﺰﺍ ﻣﻨﻈﻮﺭ ﺑﻪ
ﺶ ﻳﺍﻓﺰﺍ ﻱﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺭﺍﺳﺘﺎ ﻲﮋﮔﻳﻤﺎ ﻭﻤﺎﺭ ﭘﻼﺳﻴﮏ ﺗﻴﺗﮑﻨ
ﻤﺎﺭ ﭘﻼﺳﻤﺎ ﺑﻪ ﻃﻮﺭ ﻣﻌﻤﻮﻝ ﻴ. ﺗﺷﻮﺩ ﻲﻣﺮ ﺩﺍﺩﻩ ﻴﻴﺗﻐ ﻲﻧﺸﺴﺖ ﺳﻠﻮﻟ
ﻞ ﺭﺍ ﺑﺮ ﻴﻦ ﻭ ﮐﺮﺑﻮﮐﺴﻴﺁﻣ ﻱﻫﺎ ﮔﺮﻭﻩﮐﻪ  ﺷﻮﺩ ﻲﻣﮋﻥ ﺍﻧﺠﺎﻡ ﻴﺗﻮﺳﻂ ﺍﮐﺴ
ﻤﺎﺭ ﺑﺎ ﭘﻼﺳﻤﺎ ﻴﺰ ﺗﻴﻦ ﻣﻄﺎﻟﻌﻪ ﻧﻳ. ﺩﺭ ﺍ(۶۱)ﮐﻨﺪ ﻲﻣﺪ ﻴﺳﻄﺢ ﺗﻮﻟ ﻱﺭﻭ
ﻘﻪ ﻴﺩﻗ ۴ﺑﺎﺭ ﻭ ﺑﻪ ﻣﺪﺕ  ﻲﻠﻴﻣ ۰/۴ﮋﻥ ﺗﺤﺖ ﻓﺸﺎﺭ ﻴﺗﻮﺳﻂ ﮔﺎﺯ ﺍﮐﺴ
  ﺍﻧﺠﺎﻡ ﺷﺪ.
ﻣﺸﺘﻖ ﺷﺪﻩ ﺍﺯ ﻣﻐﺰ  ﻲﻋﺼﺒ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﻭ ﮐﺸﺖ  ﻱﺟﺪﺍﺳﺎﺯ
  :ﻣﻮﺵ ﺑﺎﻟﻎ
ﻭ  ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﺍﺯ  ﻲﺸﺎﺕ ﮐﺸﺖ ﺳﻠﻮﻟﻳﺟﻬﺖ ﺁﻧﺠﺎﻡ ﺁﺯﻣﺎ
ﻣﻐﺰ ﻣﻮﺵ ﺑﺎﻟﻎ  ﻲﺗﺤﺖ ﺑﻄﻨ ﻱ ﻪﻴﻧﺎﺣ ﺟﺪﺍ ﺷﺪﻩ ﺍﺯ ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﭘ
ﻭ  ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﺮ ﻴﺣﺎﺻﻞ ﺍﺯ ﺗﮑﺜ ﻱﺪ. ﻧﻮﺭﻭﺳﻔﺮﻫﺎﻳﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩ
-amgiS)ATDE-nispirTﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ  ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﭘ
 ﻭ ﻫﻤﮑﺎﺭﺍﻥ ﻱﻭﺣﻴﺪﻩ ﻣﻴﺮ  ... ﭘﺬﻳﺮﻱ ﺩﺍﺭﺑﺴﺖ ﻧﺎﻧﻮ ﻓﻴﺒﺮﻱ ﺗﺨﺮﻳﺐ ﺷﻴﻤﻴﺎﻳﻲ ﻭ ﺯﻳﺴﺖﺳﺎﺧﺖ ﻭ ﺍﺭﺯﻳﺎﺑﻲ ﺧﻮﺍﺹ ﻣﻮﺭﻓﻮﻟﻮﮊﻳﮑﻲ، 
 
  099
 ﻲﻮﻥ ﺗﮏ ﺳﻠﻮﻟﻴﺳﻮﺳﭙﺎﻧﺴ ﺻﻮﺭﺕ ﺑﻪ( ASU ,siuoL tS ,hcirdlA
  .(۷۱)( ﺷﻤﺎﺭﺵ ﺷﺪﻧﺪocbiGﺑﻠﻮ )ﭙﺎﻥ ﻳﺩﺭ ﺁﻣﺪﻩ ﻭ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺗﺮ
  :ﺎﺕ ﺩﺍﺭﺑﺴﺖﻴﻦ ﺧﺼﻮﺻﻴﻴﺗﻌ
  :ALLP ﻱﻤﺮﻴﭘﻠ ﻧﺎﻧﻮ ﺩﺍﺭﺑﺴﺖ ﻲﮑﻳﺎﺕ ﻣﻮﺭﻓﻮﻟﻮﮊﻴﺧﺼﻮﺻ ﻲﺑﺮﺭﺳ
ﻭ ﺍﻧﺪﺍﺯﻩ ﻣﻨﺎﻓﺬ ﺩﺭ ﺳﻄﺢ  ﻲﺳﻄﺤ ﻱﻫﺎ ﻲﮋﮔﻳﻭ ﻲﺑﺮﺭﺳ ﻣﻨﻈﻮﺭ ﺑﻪ
ﻧﮕﺎﺭﻩ  ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﻣ ﺮﻳﺗﺼﺎﻭ ،ALLPﺩﺍﺭﺑﺴﺖ 
ﻦ ﻣﻨﻈﻮﺭ ﺍﺑﺘﺪﺍ ﺩﺍﺭﺑﺴﺖ ﺑﻪ ﻳﮐﻪ ﺑﻪ ﺍ ﺷﺪ ﻪﻴ( ﺗﻬPV0341OEL)
  ﺪﻩ ﺷﺪ ﻭ ﺳﭙﺲ ﭘﻮﺷﺶ ﻃﻼ ﺩﺍﺩﻩ ﺷﺪ.ﻳﻗﻄﻌﺎﺕ ﮐﻮﭼﮏ ﺑﺮ
  :ﺩﺍﺭﺑﺴﺖ ﻱﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺴﺖﻳﺯﺳﻨﺠﺲ 
ﺩﺭ ﻣﺤﻠﻮﻝ  ALLP ﻱﻤﺮﻴﺩﺍﺭﺑﺴﺖ ﭘﻠ ﻱﺮﻳﺐ ﭘﺬﻳﻣﻄﺎﻟﻌﻪ ﺗﺨﺮ
، ۷/۴ Hpﻭ ﺩﺭ  ﻲﺸﮕﺎﻫﻳﻂ ﺁﺯﻣﺎﻴﺩﺭ ﻣﺤ )ocbiG ,SBP(ﺑﺎﻓﺮ ﻓﺴﻔﺎﺕ 
ﻦ ﺷﺪﻧﺪ. ﺳﭙﺲ ﻳﺗﻮﺯ ۱×۱2mcﻗﻄﻌﻪ ﺩﺍﺭﺑﺴﺖ ﺑﻪ ﺍﺑﻌﺎﺩ  ۴۲ﺍﻧﺠﺎﻡ ﺷﺪ. 
ﺍﺗﺎﻧﻮﻝ ﮏ ﺷﺐ ﺩﺭ ﻳﺑﻪ ﻣﺪﺕ  ﻫﺎ ﻧﻤﻮﻧﻪﻞ ﮐﺮﺩﻥ، ﻳﺍﺳﺘﺮ ﻣﻨﻈﻮﺭ ﺑﻪ
ﭘﺲ ﺍﺯ ﺁﻥ ﺑﻪ ﻣﺪﺕ  ( ﻏﻮﻃﻪ ﻭﺭﺷﺪﻩ ﻭASU ,siuoL tS ,hcirdlA)
ﻓﺮﺍﺑﻨﻔﺶ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻨﺪ. ﺩﺍﺭﺑﺴﺖ ﻫﺎﺩﺭ  ﻱ ﺍﺷﻌﻪﮏ ﺳﺎﻋﺖ ﺩﺭ ﻣﻌﺮﺽ ﻳ
ﻭ ﺩﺭ  ﻗﺮﺍﺭ ﺩﺍﺩﻩ ﺷﺪﻧﺪ SBPﺘﺮ ﻴﻟ ﻲﻠﻴﻣ ۰۱ ﻱﻋﺪﺩ ﻟﻮﻟﻪ ﻓﺎﻟﮑﻮﻥ ﺣﺎﻭ ۸
ﻮﻥ ﻴﺪﻧﺪ. ﻃﻮﻝ ﺩﻭﺭﻩ ﺍﻧﮑﻮﺑﺎﺳﻳﺍﻧﮑﻮﺑﻪ ﮔﺮﺩ ﮔﺮﺍﺩ ﻲﺳﺎﻧﺘﺩﺭﺟﻪ  ۷۳ ﻱﺩﻣﺎ
ﺍﺯ ﺑﺎﻓﺮ ﺧﺎﺭﺝ  ﻫﺎ ﻧﻤﻮﻧﻪﺗﺎ ﺍﺯ  ۳ﺭﻭﺯ  ۵ﺭﻭﺯ ﺩﺭ ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﺷﺪ ﻭ ﻫﺮ  ۰۴
ﺗﻮﺳﻂ ﮐﺎﻏﺬ  ﻫﺎ ﻧﻤﻮﻧﻪﺑﺎﻓﺮ، ﺁﺏ ﺳﻄﺢ  HP ﻱﺮﻴﻭ ﭘﺲ ﺍﺯ ﺍﻧﺪﺍﺯﻩ ﮔ ﺷﺪﻩ
 ﻣﻨﻈﻮﺭ ﺑﻪ .(aWﺪﻧﺪ )ﺷﻭﺯﻥ  ﻫﺎ ﻧﻤﻮﻧﻪﮔﺮﻓﺘﻪ ﺷﺪ ﻭ ﺳﭙﺲ  ﻲﺻﺎﻓ
ﺑﺎ ﻣﻘﺪﺍﺭ  ﻫﺎ ﻧﻤﻮﻧﻪﻣﺤﻠﻮﻝ، ﻫﻤﺎﻥ  ﻲﻣﻌﺪﻧ ﻱﻫﺎ ﻧﻤﮏﺧﺎﺭﺝ ﻧﻤﻮﺩﻥ 
ﺍﺗﺎﻕ ﺧﺸﮏ ﺷﺪﻧﺪ.  ﻱﺮ ﺷﺴﺘﻪ ﻭ ﺩﺭ ﺩﻣﺎﻴﺗﻘﻄ ﺁﺏ ﺩﻭ ﺑﺎﺭ ﻱﺎﺩﻳﺯ
ﺪ ﻳﺛﺒﺖ ﮔﺮﺩ ﻫﺎ ﺁﻥﻦ ﺷﺪﻩ ﻭ ﻭﺯﻥ ﻳﺰ ﺗﻮﺯﻴﺧﺸﮏ ﺷﺪﻩ ﻧ ﻱﻫﺎ ﻧﻤﻮﻧﻪ
(، AWﺮ، ﺩﺭ ﺻﺪ ﺟﺬﺏ ﺁﺏ )ﻳﺯ ﻱﻫﺎ ﺭﺍﺑﻄﻪ(. ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ tW)
ﺑﺎﻓﺮﻫﺎ ﻣﺤﺎﺳﺒﻪ ﻭ  HPﺮﺍﺕ ﻴﻴﺰ ﺗﻐﻴﻭ ﻧ ﻫﺎ ﺩﺍﺭﺑﺴﺖ( LWﮐﺎﻫﺶ ﻭﺯﻥ )
ﺶ ﺳﻪ ﻳﻦ ﺁﺯﻣﺎﻳ. ﺍ(۸۱, ۶۱)ﺪﻳﺭﺳﻢ ﮔﺮﺩ ﻫﺎ ﺁﻥﻣﺮﺑﻮﻁ ﺑﻪ  ﻱﻧﻤﻮﺩﺍﺭﻫﺎ
  ﻦ ﺍﺭﺍﺋﻪ ﺷﺪﻩ ﺍﺳﺖ.ﻴﺎﻧﮕﻴﻣ ﺻﻮﺭﺕ ﺑﻪﺞ ﻳﺑﺎﺭ ﺗﮑﺮﺍﺭ ﻭ ﻧﺘﺎ
  001×0w/)0w-aw(=%AW :۱ﺭﺍﺑﻄﻪ 
  001×0w/)0w-tw(=%LW :۲ﺭﺍﺑﻄﻪ 
 :)RITF(ﻗﺮﻣﺰ ﻣﺎﺩﻭﻥ ﻲﺳﻨﺠ ﻒﻴﻃ
ﺑﺮ  )derarfnI mrofsnarT reiruoF( ﻗﺮﻣﺰ ﻣﺎﺩﻭﻥ ﻲﺳﻨﺠ ﻒﻴﻃ
ﻣﻠﮑﻮﻝ ﻫﺎ ﻭ  ﻲﺍﺭﺗﻌﺎﺷ ﻱﻫﺎ ﺟﻬﺶ ﻲﺍﺳﺎﺱ ﺟﺬﺏ ﺗﺎﺑﺶ ﻭ ﺑﺮﺭﺳ
ﭘﺮ  ﻲﻦ ﺭﻭﺵ ﺑﻪ ﻋﻨﻮﺍﻥ ﺭﻭﺷﻳ. ﺍﺮﺩﻴﮔ ﻲﻣﺻﻮﺭﺕ  ﻲﭼﻨﺪ ﺍﺗﻤ ﻱﻫﺎ ﻮﻥﻳ
 ﻱﻫﺎ ﮔﻮﻧﻪ ﻱﻫﺎ ﺍﻧﺪﺍﺯﻩﻦ ﺳﺎﺧﺘﺎﺭ ﻭ ﻴﻴﺗﻌ ﻱﺎﻓﺘﻪ ﺑﺮﺍﻳﻗﺪﺭﺕ ﻭ ﺗﻮﺳﻌﻪ 
ﺒﺎﺕ ﻴﺗﺮﮐ ﻳﻲﺷﻨﺎﺳﺎ ﻱﺑﺮﺍ ﻋﻤﺪﺗﺎﹰﻦ ﺭﻭﺵ ﻳ. ﺍﺭﻭﺩ ﻲﻣﺑﻪ ﮐﺎﺭ  ﻳﻲﺎﻴﻤﻴﺷ
ﺪﻩ ﻴﭽﻴﭘ ﻣﻌﻤﻮﻻﹰﺒﺎﺕ ﻴﻦ ﺗﺮﮐﻳﺍ ﻱﻫﺎ ﻒﻴﻃﺮﺍ ﻳ، ﺯﺭﻭﺩ ﻲﻣﺑﻪ ﮐﺎﺭ  ﻲﻋﺎﻟ
ﻤﻢ ﺩﺍﺭﻧﺪ ﮐﻪ ﻴﻨﻴﻤﻢ ﻭ ﻣﻴﻣﺎﮐﺴ ﻱﻫﺎ ﮏﻴﭘ ﻱﺎﺩﻳﻫﺴﺘﻨﺪ ﻭ ﺗﻌﺪﺍﺩ ﺯ
 ﻱ ﻧﻤﻮﻧﻪ. (۹۱)ﺑﻪ ﮐﺎﺭ ﺭﻭﻧﺪ ﻱﺍ ﻱﺍﺴﻪ ﻳﺍﻫﺪﺍﻑ ﻣﻘﺎ ﻱﺑﺮﺍ ﺗﻮﺍﻧﻨﺪ ﻲﻣ
  ﺰ ﺷﺪ.ﻴﺁﻧﺎﻟ ۰۰۰۴- ۰۰۴ﻋﺪﺩ ﻣﻮﺝ  ﻱ ﮔﺴﺘﺮﻩﺩﺍﺭﺑﺴﺖ ﺩﺭ 
ﺩﺍﺭﺑﺴﺖ  ﻱﺑﺮ ﺭﻭ ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﻭ ﭘ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﮐﺸﺖ 
  :ALLP
ﺳﺎﻋﺖ  ۴۲ﺑﻪ ﻣﺪﺕ  ۱×۱2mc ﺍﺑﺘﺪﺍ ﻫﺮ ﻗﻄﻌﻪ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺍﺑﻌﺎﺩ
ﺍﺗﺎﻕ،  ﻱﺩﺭﺻﺪ ﻏﻮﻃﻪ ﻭﺭ ﻭ ﭘﺲ ﺍﺯ ﺧﺸﮏ ﺷﺪﻥ ﺩﺭ ﺩﻣﺎ ۰۷ﺩﺭ ﺍﺗﺎﻧﻮﻝ 
ﺳﺎﻋﺖ ﺑﺎ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻦ ﺗﺤﺖ  ۱ﺩﻭ ﻃﺮﻑ ﺩﺍﺭﺑﺴﺖ، ﻫﺮ ﮐﺪﺍﻡ ﺑﻪ ﻣﺪﺕ 
 ۴۲ﺖ ﻴﭘﻠ ﻱﻫﺎ ﭼﺎﻫﮏﻞ ﺷﺪ. ﻗﻄﻌﺎﺕ ﺩﺍﺭﺑﺴﺖ ﺩﺭﻭﻥ ﻳﺍﺳﺘﺮ VUﺍﺷﻌﻪ 
ﻤﺎﺭ ﻴﺷﺴﺘﺸﻮ ﺩﺍﺩﻩ ﺷﺪﻧﺪ ﻭ ﺑﻪ ﻣﺪﺕ ﺳﻪ ﺳﺎﻋﺖ ﺗﺤﺖ ﺗ SBPﺧﺎﻧﻪ ﺑﺎ 
 ﮔﺮﺍﺩ ﻲﺳﺎﻧﺘﺩﺭﺟﻪ  ۷۳ ﻱﻭ ﺩﻣﺎ 2OCﺩﺭ ﺻﺪ  ۵ﺗﻮﺭ ﺑﺎ ﺩﺭ ﺍﻧﮑﻮﺑﺎ SBP
 ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﻪ ﺷﺪ ﻭ ﻴﻗﺮﺍﺭ ﺩﺍﺩﻩ ﺷﺪﻧﺪ. ﺩﺭ ﻣﺮﺣﻠﻪ ﺑﻌﺪ ﺑﺎﻓﺮ ﺗﺨﻠ
ﺑﺎ  ﺘﺮﻴﮑﺮﻭﻟﻴﻣ ۰۲ﺩﺭ  ﺳﻠﻮﻝ ۱×۴۰۱ﺩﺭ ﺗﺮﺍﮐﻢ  ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﻭ ﭘ
 ﻱﺖ ﺣﺎﻭﻴﭘﻠ ؛ ﻭﺩﺍﺭﺑﺴﺖ ﻗﺮﺍﺭ ﺩﺍﺩﻩ ﺷﺪﻧﺪ ﻱﺭﻭﺵ ﭼﮑﺎﻧﺪﻥ ﺭﻭ
ﺩﺭﻭﻥ  ﻫﺎ ﺳﻠﻮﻝﻧﻔﻮﺫ ﮐﺎﻣﻞ  ﻣﻨﻈﻮﺭ ﺑﻪﺩﺍﺭﺑﺴﺖ ﺑﻪ ﻣﺪﺕ ﺳﻪ ﺳﺎﻋﺖ 
ﻂ ﻴﺘﺮ ﻣﺤﻴﮑﺮﻭﻟﻴﻣ ۰۰۵ﺩﺍﺭﺑﺴﺖ، ﺩﺭ ﺍﻧﮑﻮﺑﺎﺗﻮﺭ ﻗﺮﺍﺭ ﮔﺮﻓﺖ. ﺳﭙﺲ 
 ﻲﻭ ﺁﻧﺘ SBF ﺩﺭﺻﺪ ۰۱ ﻱ( ﺣﺎﻭyassA erehpsorueN)ASN
( ﺑﻪ ocbiGﮏ ﺩﺭﺻﺪ،ﻳﻦ ﻴﺴﻳﺍﺳﺘﺮﭘﺘﻮﻣﺎ–ﻦ ﻴﻠﻴﺳ ﻲﮏ )ﭘﻨﻴﻮﺗﻴﺑ
  ﻂ ﺩﺍﺭﺑﺴﺖ ﺍﺿﺎﻓﻪ ﺷﺪ.ﻴﻣﺤ
 :MES ﺮﻳﺗﺼﺎﻭ ﻠﻪﻴﻭﺳ ﺑﻪﺩﺍﺭﺑﺴﺖ  ﻱﺍﺗﺼﺎﻝ ﺳﻠﻮﻝ ﺑﺮ ﺭﻭ ﻲﺑﺮﺭﺳ
ﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﺑﺎ  ﻱﺑﺮ ﺭﻭ ﻫﺎ ﺁﻥ ﻱﻣﻮﺭﻓﻮﻟﻮﮊ ﻫﺎ ﻭﺍﺗﺼﺎﻝ ﺳﻠﻮﻝ 
( ﻣﻮﺭﺩ MES) ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﺮ ﺣﺎﺻﻞ ﺍﺯ ﻣﻳﺗﺼﺎﻭ ﻲﺑﺮﺭﺳ
ﺳﺎﻋﺖ ﺑﻌﺪ ﺍﺯ ﮐﺸﺖ  ۴۲ﻦ ﻣﻨﻈﻮﺭ ﻴﻣﻄﺎﻟﻌﻪ ﻗﺮﺍﺭ ﮔﺮﻓﺖ. ﺑﻪ ﻫﻤ
ﻘﻪ ﻴﺩﻗ ۵۴ﺑﻪ ﻣﺪﺕ  ﻫﺎ ﻧﻤﻮﻧﻪﻣﺨﺘﻠﻒ،  ﻱﻫﺎ ﺩﺍﺭﺑﺴﺖ ﻱﺑﺮ ﺭﻭ ﻫﺎ ﺳﻠﻮﻝ
ﮑﺲ ﺷﺪﻩ ﻭ ﺳﭙﺲ ﻴﻓ ﺩﺭﺻﺪ ۴ﺪ ﻴﻤﺎﺭ ﻣﺤﻠﻮﻝ ﭘﺎﺭﺍﻓﺮﻣﺎﻟﺪﻫﻴﺗﺤﺖ ﺗ
ﺑﺎ  ﻫﺎ ﻧﻤﻮﻧﻪﺏ ﻣﻘﻄﺮ ﺷﺴﺘﺸﻮ ﺩﺍﺩﻩ ﺷﺪ ﻭ ﺑﻌﺪ ﺍﺯ ﺧﺸﮏ ﺷﺪﻥ، ﺗﻮﺳﻂ ﺁ
  ﺁﻣﺎﺩﻩ ﺷﺪ. ﻱﻋﮑﺲ ﺑﺮﺩﺍﺭ ﻱﻃﻼ ﭘﻮﺷﺶ ﺩﺍﺩﻩ ﺷﺪﻩ ﻭ ﺑﺮﺍ
  :ﻱﺰ ﺁﻣﺎﺭﻴﺁﻧﺎﻟ
± ﻦ ﻴﺎﻧﮕﻴﻣ ﺻﻮﺭﺕ ﺑﻪ ﻲﻔﻴﮐ ﻱﻫﺎ ﺩﺍﺩﻩ ﻲﻦ ﻣﻄﺎﻟﻌﻪ ﺗﺠﺮﺑﻳﺩﺭ ﺍ
ﺳﻪ ﺗﮑﺮﺍﺭ ﻣﺴﺘﻘﻞ ﺍﺯ ﻫﻢ ﺑﻪ  ﻲﻃ ﻫﺎ ﺩﺍﺩﻩﻦ ﻳﺎﺭ ﺍﺭﺍﺋﻪ ﺷﺪ. ﺍﻴﺍﻧﺤﺮﺍﻑ ﻣﻌ
 ﻱﻫﺎ ﺁﺯﻣﻮﻥﻧﺴﺒﺖ ﺑﻪ ﻫﻢ ﺍﺯ  ﻫﺎ ﺩﺍﺩﻩﺴﻪ ﻳﺩﺳﺖ ﺁﻣﺪﻧﺪ. ﺟﻬﺖ ﻣﻘﺎ
-T elpmaS tnednepednIﺰ ﻴﮏ ﻃﺮﻓﻪ ﻭ ﻧﻳ coh tsops,yekuT
  ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪ. tset
  
  ﺞﯾﻧﺘﺎ
  :ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﻣﻄﺎﻟﻌﺎﺕ ﻣ
ﻪ ﺷﺪﻩ ﺍﺯﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﻴﺗﻬ ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﺮﻣﻳﺗﺼﺎﻭ
ﺩﺍﺭﺑﺴﺖ . ﺁﻣﺪﻩ ﺍﺳﺖ ۱ﻣﺘﻔﺎﻭﺕ ﺩﺭﺷﮑﻞ  ﻳﻲﺩﺭ ﺩﻭ ﺑﺰﺭﮔﻨﻤﺎ ALLP
ﺎﻑ ﻴﺳﺎﺧﺘﻤﺎﻥ ﻣﺘﺨﻠﺨﻞ ﺑﺎ ﻣﻨﺎﻓﺬ ﻣﺮﺗﺒﻂ ﺑﻬﻢ ﻭﺍﻟ ﻱﺩﺍﺭﺍ ﻱﺒﺮﻴﻧﺎﻧﻮﻓ
  ﮏ ﺍﺳﺖ.ﻳﺑﺎﺭ
  
 ۳۹۳۱ ﻳﺎﺯﺩﻫﻢ، ۱۱، ﺷﻤﺎﺭﻩ ۵۲ﺩﻭﺭﻩ   ﺍﺭﻭﻣﻴﻪ ﻣﺠﻠﻪ ﭘﺰﺷﮑﻲ
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  ۰۰۰۵X(B، ۰۰۰۱X(A ،ALLPﺩﺍﺭﺑﺴﺖ ﺍﺯ ﺳﻄﺢ  MES ﮑﺮﻭﮔﺮﺍﻑﻴﺍﻟﮑﺘﺮﻭﻣ :(1)ﺷﮑﻞ 
  
  :ﺩﺍﺭﺑﺴﺖ ﻱﺮﻳﺐ ﭘﺬﻳﺳﻨﺠﺶ ﺗﺨﺮ
  :ﮐﺎﻫﺶ ﻭﺯﻥ ﺩﺍﺭﺑﺴﺖ
ﮏ ﻳﺩﺭ  ﻱﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺴﺖﻳﺯ ﻲﻃ ﺮﺍﺕ ﻭﺯﻥ ﺩﺍﺭﺑﺴﺖ ﺩﺭﻴﻴﺗﻐ
ﺭﻭﺯﻩ ﺩﺭ ﺑﺎﻓﺮ ﻓﺴﻔﺎﺕ ﺍﻧﺠﺎﻡ ﺷﺪ. ﺩﺭﺻﺪ ﮐﺎﻫﺶ ﻭﺯﻥ ﺍﺯ  ۰۴ﺩﻭﺭﻩ 
ﺶ ﻧﺸﺎﻥ ﺩﺍﺩ ﻳﺭﻭﺯ ﺩﺭ ﺩﺍﺭﺑﺴﺖ ﺍﻓﺰﺍ ۰۴ﺎﻥ ﻳﺐ ﺗﺎ ﭘﺎﻳﺯﻣﺎﻥ ﺗﺨﺮ ﻱﺍﺑﺘﺪﺍ
ﺩﺭﺻﺪ  ۶۱ﺐ ﺑﻪ ﻋﺪﺩ ﻳﺩﻭﺭﻩ ﺗﺨﺮ ﻱﺐ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺍﻧﺘﻬﺎﻳﻭ ﻧﺮﺥ ﺗﺨﺮ
  ﺪ.ﻴﺭﺳ
  
  
  ﻱﺮﻳﺐ ﭘﺬﻳﮐﺎﻫﺶ ﻭﺯﻥ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺗﺴﺖ ﺗﺨﺮ ﻲﻧﻤﻮﺩﺍﺭ ﺧﻄ (:2ﺷﮑﻞ )
  
  :ﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ
ﮔﺰﺍﺭﺵ ﺷﺪﻩ ﺍﺳﺖ.  ۳ﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺷﮑﻞ  ﻳﻲﺗﻮﺍﻧﺎ
ﺮ ﻴﺭﻭﺯ ﺍﻭﻝ ﺳ ۵ ﻲﺰﺍﻥ ﺟﺬﺏ ﺁﺏ ﺩﺭ ﺩﺍﺭﺑﺴﺖ ﻃﻴﺞ، ﻣﻳﻣﻄﺎﺑﻖ ﻧﺘﺎ
ﺭﺍ  ﺩﺭﺻﺪ ۰۶۲ﺰﺍﻥ ﺟﺬﺏ ﺁﺏ ﻣﻘﺪﺍﺭ ﻴﺩﺍﺷﺖ ﻭ ﺣﺪﺍﮐﺜﺮ ﻣ ﻱﺻﻌﻮﺩ
ﺰﺍﻥ ﻴﺐ ﺩﺍﺭﺑﺴﺖ ﻣﻳﺗﺨﺮ ﻱﺸﺮﻭﻴﻧﺸﺎﻥ ﺩﺍﺩ. ﺍﺯ ﺭﻭﺯ ﭘﻨﺠﻢ ﺑﻪ ﺑﻌﺪ ﺑﺎ ﭘ
  .ﺩﻫﺪ ﻲﻣﺭﺍ ﻧﺸﺎﻥ  ﻲﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ ﺭﻭﻧﺪ ﻧﺰﻭﻟ
  
  
  ﻱﺮﻳﺐ ﭘﺬﻳﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺗﺴﺖ ﺗﺨﺮ ﻧﻤﻮﺩﺍﺭ (:3ﺷﮑﻞ )
  
 ﻭ ﻫﻤﮑﺎﺭﺍﻥ ﻱﻭﺣﻴﺪﻩ ﻣﻴﺮ  ... ﭘﺬﻳﺮﻱ ﺩﺍﺭﺑﺴﺖ ﻧﺎﻧﻮ ﻓﻴﺒﺮﻱ ﺗﺨﺮﻳﺐ ﺳﺎﺧﺖ ﻭ ﺍﺭﺯﻳﺎﺑﻲ ﺧﻮﺍﺹ ﻣﻮﺭﻓﻮﻟﻮﮊﻳﮑﻲ، ﺷﻴﻤﻴﺎﻳﻲ ﻭ ﺯﻳﺴﺖ
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  :Hpﺮﺍﺕ ﻴﻴﺗﻐ
ﺐ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺁﻥ ﺻﻮﺭﺕ ﮔﺮﻓﺖ، ﻳﮐﻪ ﺗﺨﺮ ﻳﻲﺑﺎﻓﺮﻫﺎ Hp ﻲﺎﺑﻳﺍﺭﺯ
 ۵ﺭﻭﺯ  ﻱﺩﺭ ﺍﻧﺘﻬﺎ Hpﻦ ﮐﺎﻫﺶ ﻳﺸﺘﺮﻴﺑﻮﺩ. ﺑ Hpﮐﺎﻫﺶ  ﺩﻫﻨﺪﻩ ﻧﺸﺎﻥ
 ﻱﺗﺮ ﺳﺮﻋﺖ ﺁﻫﺴﺘﻪ Hp ﻲﺑﻌﺪ ﺭﻭﻧﺪ ﻧﺰﻭﻟ ﻱﺭﻭﺯﻫﺎ ﻲﻣﺸﺎﻫﺪﻩ ﺷﺪ ﻭ ﻃ
 ۰۱ ﻲﻃ ﺷﻮﺩ ﻲﻣﻣﺸﺎﻫﺪﻩ  ۴ﺑﻪ ﺧﻮﺩ ﮔﺮﻓﺖ. ﻫﻤﺎﻧﻄﻮﺭ ﮐﻪ ﺩﺭ ﺷﮑﻞ 
ﺪﻩ ﻴﺭﺳ ۶/۶ﺑﻪ ﻣﻘﺪﺍﺭ ﺛﺎﺑﺖ  Hpﺰﺍﻥ ﻴ، ﻣﻱﺮﻳﺐ ﭘﺬﻳﺁﺧﺮ ﺗﺨﺮ ﺭﻭﺯ
  ﺍﺳﺖ.
  
  
  ﻱﺮﻳﺐ ﭘﺬﻳﺩﺭ ﺗﺴﺖ ﺗﺨﺮ ﺑﺎﻓﺮ HPﺮ ﻴﻴﻧﻤﻮﺩﺍﺭﺗﻐ (:4ﺷﮑﻞ )
  
  :RITF ﻲﺳﻨﺠ ﻒﻴﻃ
( ﻧﻤﻮﻧﻪ ﺩﺍﺭﺑﺴﺖ ﺩﺭ cifitneicS omrehT)RITF ﻲﺳﻨﺠ ﻒﻴﻃ
ﻣﺮﺑﻮﻁ ﺑﻪ  ۳۷۸ﻪ ﻴﺩﺭ ﻧﺎﺣ ﻲﮏ ﺟﺬﺑﻴﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ. ﭘ ۵ﺷﮑﻞ 
 ۶۳۰۱ﻪ ﻴﺩﺭ ﻧﺎﺣ ﻲﮏ ﺟﺬﺑﻴ. ﭘﺑﺎﺷﺪ ﻲﻣ O=C ﮐﺸﺶ ﮔﺮﻭﻩ
  ﮐﺸﺶ ﻱ ﺩﻫﻨﺪﻩ ﻧﺸﺎﻥ
ﻪ ﻴﻧﺎﺣ ﻲﮏ ﺟﺬﺑﻴﺍﺳﺖ. ﭘ ALLP ﻱﺣﺎﺻﻞ ﺍﺯ ﮔﺮﻭﻩ ﺍﺳﺘﺮ O-C 
ﮏ ﻴﺍﺳﺖ. ﭘ -2HC-ﺑﻪ ﺧﻤﺶ ﻧﺎﻣﺘﻘﺎﺭﻥ ﮔﺮﻭﻩ  ﻣﺮﺑﻮﻁ ۰۵۴۱-۰۵۳۱
ﺍﺳﺖ.  O=C ﻲﺑﻪ ﮔﺮﻭﻩ ﻋﺎﻣﻠ ﻣﺮﺑﻮﻁ ۷۴۷۱ﻪ ﻴﻇﺎﻫﺮ ﺷﺪﻩ ﺩﺭ ﻧﺎﺣ
 3HCﮔﺮﻭﻩ  H-C ﻣﺮﺑﻮﻁ ﺑﻪ ﮐﺸﺶ ۰۶۹۲ﻪ ﻴﮏ ﻣﻮﺟﻮﺩ ﺩﺭ ﻧﺎﺣﻴﭘ
  .(۰۲)ﺑﺎﺷﺪ ﻲﻣ
  
  
  ALLPﻣﺮﺑﻮﻁ ﺑﻪ ﺩﺍﺭﺑﺴﺖ  RITF ﻲﺳﻨﺠ ﻒﻴﻃ (:5ﺷﮑﻞ )
  
ﻣﺸﺘﻖ ﺷﺪﻩ ﺍﺯ ﻣﻐﺰ  ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﻭ ﭘ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﮐﺸﺖ 
  :ﺩﺍﺭﺑﺴﺖ ﻱﺭﻭ ﺑﺮ ﺑﺎﻟﻎﻣﻮﺵ 
ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻭﺵ  ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﻭ ﭘ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝ
ﻭ ﮐﺸﺖ  ﻱﻣﻐﺰ ﻣﻮﺵ ﺑﺎﻟﻎ ﺟﺪﺍﺳﺎﺯ ﻲﺗﺤﺖ ﺑﻄﻨ ﻱ ﻪﻴﻧﺎﺣﻧﻮﺭﻭﺳﻔﺮ ﺍﺯ 
 ﻱﮐﻪ ﺣﺎﻭ ﻂ ﮐﺸﺖ ﻓﺎﻗﺪ ﺳﺮﻡﻴﻦ ﺭﻭﺵ ﺍﺯﻣﺤﻳﺩﺍﺩﻩ ﺷﺪﻧﺪ. ﺩﺭﺍ
ﻂ ﻴﻦ ﻣﺤﻳﺑﻮﺩ، ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪ. ﺩﺭ ﺍ FGEﻭ  FGFbﺭﺷﺪ  ﻱﻓﺎﮐﺘﻮﺭﻫﺎ
ﻣﺮﮐﺰﻱ ﻗﺎﺩﺭ ﺑﻪ ﺭﺷﺪ ﻭ ﺑﻘﺎﺀ  ﻲﺴﺘﻢ ﻋﺼﺒﻴﺎﻓﺘﻪ ﺳﻳﺰ ﻳﺗﻤﺎ ﻱﻫﺎ ﺳﻠﻮﻝ
ﮑﻪ ﻴﻦ ﺭﻓﺘﻨﺪ، ﺩﺭﺣﺎﻟﻴﺩﻭ ﺗﺎ ﺳﻪ ﺭﻭﺯ ﺍﻭﻝ ﺍﺯ ﺑ ﻲﻧﺒﻮﺩﻩ ﻭ ﺩﺭ ﻃ
 ۳۹۳۱ ﻳﺎﺯﺩﻫﻢ، ۱۱، ﺷﻤﺎﺭﻩ ۵۲ﺩﻭﺭﻩ   ﺍﺭﻭﻣﻴﻪ ﻣﺠﻠﻪ ﭘﺰﺷﮑﻲ
  
  399
ﻦ ﻴﺎﺭ ﭘﺎﺋﻴﺩﺭ ﺗﺮﺍﮐﻢ ﺑﺴ ﻲﺣﺘ ﻲﺶ ﺳﺎﺯﻋﺼﺒﻴﺎﺩﻱ ﻭ ﭘﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝ
ﺎ ﻳ ﻲﺘﻴﻬﺎﻱ ﭼﻨﺪﻇﺮﻓﻴﺮﻱ ﺷﺪﻩ ﻭﮐﻠﻮﻧﻴﺰ ﻭﺍﺭﺩ ﻓﺎﺯ ﺗﮑﺜﻴﻧ ﻲﺳﻠﻮﻟ
ﺠﺎﺩ ﻧﻤﻮﺩﻧﺪ. ﺑﺎ ﭘﺎﺳﺎﮊ ﺩﺍﺩﻥ ﻳ( ﺭﺍ ﺍ.B,A۶ﺷﮑﻞ  )ﻧﻮﺭﻭﺳﻔﺮﻫﺎ
ﺸﺘﺮﻱ ﻴ( ﺑD ,C. ۶ﺷﮑﻞ ) ﻪﻳﺛﺎﻧﻮﻪ، ﻧﻮﺭﻭﺳﻔﺮﻫﺎﻱ ﻴﺍﻭﻟ ﻱﻧﻮﺭﻭﺳﻔﺮﻫﺎ
ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﺍﺯ  ﻱﻫﺎ ﺳﻠﻮﻝﺍﺗﺼﺎﻝ  ﻱ ﻧﺤﻮﻩﻭ  ﻱﺪ. ﻣﻮﺭﻓﻮﻟﻮﮊﻳﺠﺎﺩ ﮔﺮﺩﻳﺍ
ﺮ ﺣﺎﺻﻞ ﺍﺯ ﻳﺩﺍﺭﺑﺴﺖ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺗﺼﺎﻭ ﻱﻪ ﺑﺮ ﺭﻭﻳﺛﺎﻧﻮ ﻱﻧﻮﺭﻭﺳﻔﺮﻫﺎ
ﺮ ﻳﻣﻮﺭﺩ ﻣﻄﺎﻟﻌﻪ ﻗﺮﺍﺭ ﮔﺮﻓﺖ. ﺗﺼﺎﻭ ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﻣ
ﺷﮑﻞ ﺍﺳﺖ )ﺩﺍﺭﺑﺴﺖ  ﻱﺑﺮ ﺭﻭ ﻫﺎ ﺳﻠﻮﻝﺍﺗﺼﺎﻝ ﻣﻮﻓﻖ  ﻱ ﺩﻫﻨﺪﻩ ﻧﺸﺎﻥ
  (.۷
 
  
  .ﻲﺗﺤﺖ ﺑﻄﻨ ﻱ ﻪﻴﻧﺎﺣﺍﺳﺘﺨﺮﺍﺝ ﺷﺪﻩ ﺍﺯ  sCSNﮑﺮﻭﮔﺮﺍﻑ ﺣﺎﺻﻞ ﺍﺯ ﻴﻓﺘﻮﻣ (:6ﺷﮑﻞ )
  .1P ,2P()ﺩﻭﻡ ﺣﺎﺻﻞ ﺍﺯ ﭘﺎﺳﺎﮊ ﺍﻭﻝ ﻭ  ﻱﻧﻮﺭﻭﺳﻔﺮﻫﺎ (D ,C .ﻪﻴﺣﺎﺻﻞ ﺍﺯ ﮐﺸﺖ ﺍﻭﻟ ﻱﻧﻮﺭﻭﺳﻔﺮﻫﺎ( B,A
  
  
 ،۰۰۰۱X( Aﺩﻭ ﺭﻭﺯ ﺑﻌﺪ ﺍﺯ ﮐﺸﺖ. ALLPﺩﺍﺭﺑﺴﺖ  ﻱﺑﺮ ﺭﻭ ﻲﻋﺼﺒ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﺍﺯ ﺍﺗﺼﺎﻝ  MES ﮑﺮﻭﮔﺮﺍﻑﻴﺍﻟﮑﺘﺮﻭﻣ (:7ﺷﮑﻞ )
  ۰۰۰۵X(B
 ﻭ ﻫﻤﮑﺎﺭﺍﻥ ﻱﻭﺣﻴﺪﻩ ﻣﻴﺮ  ... ﭘﺬﻳﺮﻱ ﺩﺍﺭﺑﺴﺖ ﻧﺎﻧﻮ ﻓﻴﺒﺮﻱ ﺗﺨﺮﻳﺐ ﺳﺎﺧﺖ ﻭ ﺍﺭﺯﻳﺎﺑﻲ ﺧﻮﺍﺹ ﻣﻮﺭﻓﻮﻟﻮﮊﻳﮑﻲ، ﺷﻴﻤﻴﺎﻳﻲ ﻭ ﺯﻳﺴﺖ
 
  499
  ﺑﺤﺚ
ﺭﻭﺵ ﺑﺎ  ALLP ﻱﺒﺮﻴﺩﺍﺭﺑﺴﺖ ﻧﺎﻧﻮ ﻓﻦ ﻣﻄﺎﻟﻌﻪ ﺳﺎﺧﺖ ﻳﺍ ﺩﺭ
ﺟﺪﺍ  ﻲﺶ ﺳﺎﺯ ﻋﺼﺒﻴﻭ ﭘ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝ ﺷﺪ ﻭ ﺍﻧﺠﺎﻡ ﻲﺴﻳﻟﮑﺘﺮﻭﺭﺍ
ﻦ ﺩﺍﺭﺑﺴﺖ ﻳﺍ ﻱﺭﻭ ﺑﺮ ﺑﺎﻟﻎ ﻱﻣﻐﺰ ﻣﻮﺵ ﺳﻮﺭ ﻲﻪ ﺗﺤﺖ ﺑﻄﻨﻴﺷﺪﻩ ﺍﺯ ﻧﺎﺣ
ﺖ ﻳﻭ ﺗﻘﻮ ﻱﺰﻳﮐﺎﻫﺶ ﺁﺑﮕﺮ ﻱﻦ ﺑﺮﺍﻴﺖ ﮐﺸﺖ ﺩﺍﺩﻩ ﺷﺪ. ﻫﻤﭽﻨﻴﺑﺎ ﻣﻮﻓﻘ
ﺍﺳﺘﻔﺎﺩﻩ  ﭘﻼﺳﻤﺎ ﻤﺎﺭ ﺑﺎﻴﺗ ﺍﺯ ﻱﻤﺮﻴﻦ ﻣﺎﺩﻩ ﭘﻠﻳﺍ ﻱﺍﺗﺼﺎﻝ ﺳﻠﻮﻝ ﺑﺮ ﺭﻭ
ﺩﺍﺭﺑﺴﺖ  ﻱﺖ ﺍﺗﺼﺎﻝ ﺳﻠﻮﻝ ﺑﺮ ﺭﻭﻳﻭ ﺗﻘﻮ ﻱﺰﻳﮐﺎﻫﺶ ﺁﺑﮕﺮ ﻱﺑﺮﺍ ﺷﺪ.
 kraP ﺍﺯﺟﻤﻠﻪ ﺻﻮﺭﺕ ﮔﺮﻓﺘﻪ ﺍﺳﺖ. ﻱﺎﺩﻳﺯ ﻱﻫﺎ ﺗﻼﺵ، ALLP
ﺳﻄﺢ  ﻱﺰﻳﺟﻬﺖ ﺭﻓﻊ ﺁﺏ ﮔﺮ ﻳﻲﺎﻴﻤﻴﺍﺻﻼﺡ ﺷ ﻱﺮﻫﺎﻴﺍﺯﻣﺴ ﻭﻫﻤﮑﺎﺭﺍﻥ
 ﻱﻤﺎﺭ ﭘﻼﺳﻤﺎﻴﺍﺳﺘﻔﺎﺩﻩ ﮐﺮﺩﻩ ﻭ ﺩﺍﺭﺑﺴﺖ ﺭﺍ ﺗﺤﺖ ﺗ ALLPﺩﺍﺭﺑﺴﺖ 
ﺶ ﻳﺎﻧﮕﺮ ﺍﻓﺰﺍﻴﺞ ﺑﻳﻗﺮﺍﺭ ﺩﺍﺩﻧﺪ ﮐﻪ ﻧﺘﺎ )AA(ﮏ ﻴﻠﻳﺪﺍﮐﺮﻴﮋﻥ ﻭ ﺍﺳﻴﺍﮐﺴ
ﺮ ﻴﺖ ﺍﺯ ﺗﮑﺜﻳﺩﺭﺣﻤﺎ AAﺎﻓﺘﻪ ﺑﺎ ﻳﻮﻧﺪ ﻴﭘ ALLPﺩﺍﺭﺑﺴﺖ  ﻳﻲﺗﻮﺍﻧﺎ
ﻤﺎﺭ ﻴﻧﺴﺒﺖ ﺑﻪ ﺩﺍﺭﺑﺴﺖ ﺗ 3T3 – HIN ﻲﺒﺮﻭﭘﻼﺳﺘﻴﻓ ﻱﻫﺎ ﺳﻠﻮﻝ
ﻞ ﻣﻮﺍﺭﺩ، ﻴﻦ ﻗﺒﻳﺣﺎﺿﺮ ﺟﻬﺖ ﻏﻠﺒﻪ ﺑﺮ ﺍ ﻱ ﻣﻄﺎﻟﻌﻪ. ﺩﺭ (۱۲)ﻧﺸﺪﻩ ﺑﻮﺩ
ﺍﻧﺠﺎﻡ ﮔﺮﻓﺖ. ﻣﻄﺎﺑﻖ ﺑﺎ  ﻫﺎ ﺩﺍﺭﺑﺴﺖﺳﻄﺢ  ﻱﻤﺎﺭ ﺑﺎ ﭘﻼﺳﻤﺎ ﺑﺮ ﺭﻭﻴﺗ
 ﻳﻲﺎﻴﻤﻴﺷ ﻱﻫﺎ ﺭﻭﺵﺍﺯ  ﺗﺮ ﺁﺳﺎﻥﺎﺭ ﻴﻤﺎﺭ ﭘﻼﺳﻤﺎ ﺑﺴﻴﻦ ﺗﻴﺸﻴﻣﻄﺎﻟﻌﺎﺕ ﭘ
ﭘﻼﺳﻤﺎ  ﻱ. ﻓﻨﺎﻭﺭﺑﺨﺸﺪ ﻲﻣﺭﺍ ﺑﻬﺒﻮﺩ  ALLPﮕﺮ ﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﻳﺩ
 ﻱﺮﻫﺎﻴﺯﻧﺠ ﻱﻓﻌﺎﻝ، ﺑﺮ ﺭﻭ ﻱﻋﻤﻠﮑﺮﺩ ﻱﻫﺎ ﮔﺮﻭﻩ ﺗﻮﺍﻧﺪ ﻲﻣﻦ ﻴﻫﻤﭽﻨ
ﺍﻧﻮﺍﻉ  ﻫﺎ ﺁﻥﺭﺍ ﺍﻟﻘﺎ ﮐﻨﺪ ﻭ ﺗﻮﺳﻂ ﻭﺍﮐﻨﺶ ﺑﺎ  ALLP ﻱﻤﺮﻴﭘﻠ
ﺩﺭ  ﺗﻮﺍﻧﻨﺪ ﻲﻣﺪﻫﺎ ﻴﺎ ﭘﭙﺘﻳ ﻫﺎ ﻦﻴﭘﺮﻭﺗﺌﻫﻤﭽﻮﻥ  ﻲﺴﺘﻳﺯ ﻱﻫﺎ ﻣﻮﻟﮑﻮﻝ
ﻦ ﺭﻭﺵ ﺩﺭ ﻣﻄﺎﻟﻌﻪ ﻣﺎ ﻳﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺍ ﺑﺎ ﺎﺑﻨﺪ.ﻳﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﺗﺠﻤﻊ 
ﻦ ﻳﺩﺭ ﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﺍﻟﻘﺎﺀ ﺷﺪﻧﺪ ﻭ ﺑﻪ ﺍ O-C ﻱﻋﻤﻠﮑﺮﺩ ﻱﻫﺎ ﮔﺮﻭﻩ
ﺁﺏ ﺭﺍ ﻓﺮﺍﻫﻢ  ﻱﻫﺎ ﻣﻮﻟﮑﻮﻝﺑﺎ  ﻲﺪﺭﻭﮊﻧﻴﻮﻧﺪ ﻫﻴﺠﺎﺩ ﭘﻳﺐ ﺍﻣﮑﺎﻥ ﺍﻴﺗﺮﺗ
ﺶ ﻳﺍﻓﺰﺍ ﻱﺭﺍ ﺑﻄﻮﺭ ﻗﺎﺑﻞ ﻣﻼﺣﻈﻪ ﺍ ﺁﻭﺭﺩﻩ ﻭ ﺧﻮﺍﺹ ﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ
  .(۴۲- ۲۲)ﺩﺍﺩ
ﻭ  ﻲﮑﻳﺰﻴﻓﻌﻞ ﻭ ﺍﻧﻔﻌﺎﻻﺕ ﻓ ﺪﻳﻴﺗﺄ ﻣﻨﻈﻮﺭ ﺑﻪ ﻲﻦ ﺑﺮﺭﺳﻳﺩﺭ ﺍ
ﺻﻮﺭﺕ ﮔﺮﻓﺖ  RITFﺰ ﻴﺠﺎﺩ ﺷﺪﻩ ﺩﺭ ﺳﻄﺢ ﺩﺍﺭﺑﺴﺖ ﺁﻧﺎﻟﻳﺍ ﻳﻲﺎﻴﻤﻴﺷ
ﺑﺮ  ﻱﺪﻳﻴﺗﺎ HO–Pﻭ  C-Oﻣﺮﺑﻮﻁ ﺑﻪ ﮔﺮﻭﻩ  ﻲﮏ ﺟﺬﺑﻴﮐﻪ ﺣﻀﻮﺭ ﭘ
ﺞ ﻳﻫﻤﺎﻧﻄﻮﺭ ﮐﻪ ﺩﺭ ﻧﺘﺎ. (۵۲)ﻦ ﺁﻧﻬﺎﺑﻮﺩﻴﺑ ﻲﺪﺭﻭﮊﻧﻴﻮﻧﺪ ﻫﻴﻭﺟﻮﺩ ﭘ
ﻂ ﻴ( ﺩﺍﺭﺑﺴﺖ ﺁﺑﺪﻭﺳﺖ ﻣﺤ۷ﺷﮑﻞ ﺣﺎﺿﺮ ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ )
ﺂﻭﺭﺩﻭﺑﻪ ﻴﺭﺍ ﺟﻬﺖ ﺍﺗﺼﺎﻝ ﻭ ﺭﺷﺪ ﺳﻠﻮﻝ ﻓﺮﺍﻫﻢ ﻣ ﻱﻣﻄﻠﻮﺏ ﻭ ﺑﻬﺘﺮ
 ﻲﺑﻪ ﺧﻮﺑ ﻲﻋﺼﺒ ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝﺎﻑ، ﻴﻧﺎﻧﻮﺍﻟ ﻲﺶ ﺗﺼﺎﺩﻓﻳﻞ ﺁﺭﺍﻴﺩﻟ
ﺑﻪ  ﺗﻮﺍﻥ ﻲﻣﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺗﺼﺎﻭﻳﺮ  .ﺎﺑﻨﺪﻳ ﻲﻣﺟﻬﺎﺕ ﮔﺴﺘﺮﺵ  ﻲﺩﺭﺗﻤﺎﻣ
ﺳﻴﺘﻮﭘﻼﺳﻤﻲ ﻭ ﺭﻳﺨﺖ  ﺯﻭﺍﺋﺪﺩﺍﺭﺍﻱ  ﻫﺎ ﺳﻠﻮﻝﻛﻪ ﺍﻳﻦ ﻧﻜﺘﻪ ﭘﻲ ﺑﺮﺩ 
ﺳﻠﻮﻟﻲ  ﻱﻫﺎ ﻲﮐﻠﻨﻛﻪ ﺍﻏﻠﺐ ﺑﻪ ﺷﻜﻞ  ﺑﺎﺷﻨﺪ ﻲﻣﺷﻨﺎﺳﻲ ﻃﺒﻴﻌﻲ 
  .ﻨﺪﻳﻧﻤﺎ ﻲﻣﻣﺠﺎﻭﺭ ﺍﺭﺗﺒﺎﻃﺎﺕ ﻣﺘﻘﺎﺑﻠﻲ ﺭﺍ ﺍﻳﺠﺎﺩ  ﻱﻫﺎ ﺳﻠﻮﻝﺩﺭﺁﻣﺪﻩ ﻭ ﺑﺎ 
ﻧﻪ ﺗﻨﻬﺎ ﺗﻮﺍﻧﺎﻳﻲ ﺍﺗﺼﺎﻝ ﻭ  ﻫﺎ ﺳﻠﻮﻝﻦ ﻧﺘﺎﻳﺞ ﻧﺸﺎﻥ ﺩﺍﺩﻧﺪ ﻛﻪ ﻴﻫﻤﭽﻨ
ﺭﺍ ﺭﻭﻱ ﺩﺍﺭﺑﺴﺖ ﺩﺍﺭﻧﺪ، ﺑﻠﻜﻪ ﺑﻪ ﻟﺤﺎﻅ ﺭﻳﺨﺖ ﺷﻨﺎﺳﻲ  ﻲﺗﻜﺜﻴﺮ ﻣﻨﺎﺳﺒ
ﺩﺭ ﻭﺍﻗﻊ ﺣﻀﻮﺭ ﻧﺎﻧﻮ ﺩﺍﺭﺑﺴﺖ،  .ﻧﻴﺰ ﺍﺯ ﺷﺮﺍﻳﻂ ﻃﺒﻴﻌﻲ ﺑﺮﺧﻮﺭﺩﺍﺭ ﻫﺴﺘﻨﺪ
ﮐﻪ  ﺩﻫﺪ ﻲﻣﺶ ﻳﻦ ﻫﺎ ﺭﺍ ﺍﺯ ﺳﺮﻡ ﺍﻓﺰﺍﻴﺘﺮﻭﻧﮑﺘﻳﻦ ﻭ ﻭﻴﺒﺮﻭﻧﮑﺘﻴﺟﺬﺏ ﻓ
 ﻲﺳﻠﻮﻟ ﻱﺑﻪ ﻏﺸﺎ ﻫﺎ ﺁﻥ ﻲﻨﻳﻨﺘﮕﺮﻳﺶ ﺑﺮﺩ ﺍﺗﺼﺎﻝ ﺍﻴﻦ ﺍﻣﺮ ﺑﺎﻋﺚ ﭘﻳﺍ
  .(۴۲)ﺷﻮﺩ ﻲﻣ
ﺗﺴﺖ  ﻲﺩﺭ ﻃ ﻫﺎ ﺩﺍﺭﺑﺴﺖﺮﺍﺕ ﻭﺯﻥ ﻴﻴﺞ ﺗﻐﻳﻧﻤﻮﺩﺍﺭ ﻧﺘﺎ
ﺭﻭﺯﻩ ﺩﺭ ﺑﺎﻓﺮ ﻓﺴﻔﺎﺕ  ۰۴ ﻱ ﺩﻭﺭﻩﮏ ﻳﮐﻪ ﺩﺭ  ﻱﺮﻳﭘﺬ ﺐﻳﺗﺨﺮ ﺴﺖﻳﺯ
ﮐﺎﻫﺶ ﻭﺯﻥ ﺩﺍﺭﺑﺴﺖ ﺑﺎ ﮔﺬﺷﺖ ﺯﻣﺎﻥ  ﺩﻫﻨﺪﻩ ﻧﺸﺎﻥﺍﻧﺠﺎﻡ ﺷﺪﻩ ﺍﺳﺖ 
ﺎﻑ ﺑﺎ ﻴﺍﻟ ﻱﮐﻪ ﺩﺍﺭﺑﺴﺖ ﺩﺍﺭﺍ ﺍﻧﺪ ﮐﺮﺩﻩﺍﺯ ﻣﺤﻘﻘﺎﻥ ﺍﺷﺎﺭﻩ  ﻱﺍ ﻋﺪﻩ ﺍﺳﺖ.
ﺭﺍ  ﻱﺸﺘﺮﻴﺐ ﺑﻳﺗﺨﺮ ﺗﺮ ﺑﺰﺭﮒﻧﺴﺒﺖ ﺑﻪ ﺩﺍﺭﺑﺴﺖ ﺑﺎ ﻗﻄﺮ  ﺗﺮ ﮐﻮﭼﮏﻗﻄﺮ 
ﺶ ﻳﺎﻑ ﺍﻓﺰﺍﻴﻄﺢ ﺑﻪ ﺣﺠﻢ ﺍﻟﻞ ﮐﻪ ﻧﺴﺒﺖ ﺳﻴﻦ ﺩﻟﻳ، ﺑﻪ ﺍﺩﻫﻨﺪ ﻲﻣﻧﺸﺎﻥ 
ﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ، (۷۲, ۶۲)ﺭﻭﺩ ﻲﻣﺑﺎﻻ  ﺐﻳﺎﻓﺘﻪ ﻭ ﺳﺮﻋﺖ ﺗﺨﺮﻳ
ﺮ ﻳﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺗﺼﺎﻭ ALLPﺩﺍﺭﺑﺴﺖ  ﻲﮑﻳﻣﻮﺭﻓﻮﻟﻮﮊ ﻲﺑﺮﺭﺳ
ﺳﻄﻮﺡ ﻣﺘﺨﻠﺨﻞ ﺑﺎ ﻣﻨﺎﻓﺬ  ﻱ ﺩﻫﻨﺪﻩ ﻧﺸﺎﻥ ﻲﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﻴﻣ
ﻦ ﻧﺎﻧﻮﻣﺘﺮ ﻭ ﻴﺑ ﺒﺎﹰﻳﺗﻘﺮ ﺒﺮﻫﺎﻴﻓﮐﻪ ﻗﻄﺮ  ﺑﺎﺷﺪ ﻲﻣﻣﺮﺗﺒﻂ ﺑﻪ ﻫﻢ 
  ﺮ ﺍﺳﺖ.ﻴﮑﺮﻭﻣﺘﺮ ﻣﺘﻐﻴﻣ
ﺐ ﻳﻣﺮﺍﺣﻞ ﺗﺨﺮ ﻲﺑﺎﻓﺮ ﻣﺮﺑﻮﻁ ﺑﻪ ﺩﺍﺭﺑﺴﺖ ﻃ Hp ﻲﺑﺮﺭﺳ
 ﺩﺭ Hp، ﻣﻘﺪﺍﺭ ﻫﺎ ﺩﺍﺩﻩﺑﻮﺩﻩ ﺍﺳﺖ. ﻣﻄﺎﺑﻖ  Hpﮐﺎﻫﺶ  ﻱﺩﻫﻨﺪﻩ ﻧﺸﺎﻥ
 ﻱﺭﻭﺯﻫﺎ ﻲﺎﻓﺘﻪ ﺍﺳﺖ ﻭ ﻃﻳﮐﺎﻫﺶ  ﻱﺸﺘﺮﻴﺭﻭﺯ ﺍﻭﻝ ﺑﺎ ﺷﺪﺕ ﺑ ۵ ﻲﻃ
 ﺗﻮﺍﻥ ﻲﻣﻦ ﻧﮑﺘﻪ ﻳﻪ ﺍﻴﺗﺮ ﺑﻮﺩﻩ ﺍﺳﺖ. ﺩﺭ ﺗﻮﺟﺑﻌﺪ ﺳﺮﻋﺖ ﮐﺎﻫﺶ ﺁﻫﺴﺘﻪ
ﻤﺎﺭ ﭘﻼﺳﻤﺎ ﻴﻨﺪ ﺗﻳﻓﺮﺍ ﻲﺩﺍﺭﺑﺴﺖ ﻃ ﻲﺍﺷﺎﺭﻩ ﮐﺮﺩ ﮐﻪ ﺑﺎ ﺍﻟﻘﺎﺀ ﺁﺑﺪﻭﺳﺘ
 ﻱﺪﻫﺎﻴﻢ ﺑﺎ ﺁﺏ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﻭ ﺍﺳﻴﺩﺍﺭﺑﺴﺖ ﺗﺤﺖ ﺗﻤﺎﺱ ﻣﺴﺘﻘ
ﺗﺮ  ﻱﺪﻴﺑﺎﻋﺚ ﺍﺳ ALLPﺐ ﻳﺍﺯ ﺗﺨﺮ ﻲﮏ ﻧﺎﺷﻴﮏ ﻭ ﮐﺮﺗﻮﻧﻳﺮﻴﺑﻮﺗ
. ﺩﺭ ﺣﺎﻟﺖ (۸۲)ﺷﺪﻩ ﺍﺳﺖ HPﺠﻪ ﮐﺎﻫﺶ ﻴﻭ ﺩﺭ ﻧﺘ SBPﺷﺪﻥ 
 ﻱﻫﺎ ﺩﺍﺭﺑﺴﺖﻗﺮﺍﺭ ﺩﺍﺭﺩ. ﺩﺭ ﻣﻮﺭﺩ  ۷/۶ﺗﺎ  ۷|۴ﻦ ﻴﺑﺪﻥ ﺑ HP ﻱﻋﺎﺩ
ﺐ ﺍﺯ ﻳﻨﺪ ﺗﺨﺮﻳﻓﺮﺍ ﻲﻃ HPﺎﺩ ﺍﺯ ﺣﺪ ﻳﻭ ﺯ ﻲﺮ ﻧﺎﮔﻬﺎﻧﻴﻴﻣﻨﺎﺳﺐ ﻋﺪﻡ ﺗﻐ
ﺑﺎﻓﺮ ﻓﺴﻔﺎﺕ  Hp ﺮﺍﺕﻴﻴﻖ ﺗﻐﻴﻦ ﺗﺤﻘﻳﺍ ﺩﺭ .ﺑﺎﺷﺪ ﻲﻣﻣﻬﻢ  ﻱﻫﺎ ﻲﮋﮔﻳﻭ
ﺰﺍﻥ ﻴﮏ ﻣﻳﺑﻪ  ﺖﻳﺩﺭﻧﻬﺎﺍﻣﺎ  ﺩﻫﺪ ﻲﻣﺭﺍ ﻧﺸﺎﻥ  ﻲﺩﺍﺭﺑﺴﺖ ﺭﻭﻧﺪ ﮐﺎﻫﺸ
  ﺍﺳﺖ. ۷ﮏ ﻳﻧﺰﺩ ﻳﻲﺪﻩ ﻭ ﻣﻘﺪﺍﺭ ﻧﻬﺎﻴﺭﺳ ﻲﺛﺎﺑﺘ
ﮔﺰﺍﺭﺵ ﺷﺪﻩ ﺍﺳﺖ.  ۳ﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﻧﻤﻮﺩﺍﺭ  ﻳﻲﺗﻮﺍﻧﺎ 
ﺮ ﻴﺭﻭﺯ ﺍﻭﻝ ﺳ ۵ ﻲﺰﺍﻥ ﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ ﻃﻴﺞ، ﻣﻳﻣﻄﺎﺑﻖ ﻧﺘﺎ
ﺷﺮﻭﻉ ﺑﻪ ﺍﺯ  ﻭ ﺐﻳﺗﺨﺮ ﻱﺸﺮﻭﻴﺑﻪ ﺑﻌﺪ ﺑﺎ ﭘ ﺍﻡ ۵ﺭﻭﺯ  ﺍﺯ ﺩﺍﺭﺩ. ﻱﺻﻌﻮﺩ
ﺭﺍ ﺩﺭ ﺩﺍﺭﺑﺴﺖ  ﻲﺰﺍﻥ ﺟﺬﺏ ﺁﺏ ﺭﻭﻧﺪ ﮐﺎﻫﺸﻴﺩﺍﺭﺑﺴﺖ ﻣ ﻲﺪﮔﻴﻫﻢ ﭘﺎﺷ
ﺮ ﻴﻴﺶ ﺟﺬﺏ ﺁﺏ ﺩﺍﺭﺑﺴﺖ ﺑﻪ ﻋﻠﺖ ﺗﻐﻳﺍﻓﺰﺍ ﻦﻳﺍ .ﺩﻫﺪ ﻲﻣﻧﺸﺎﻥ 
. ﺑﺎﺷﺪ ﻲﻣﺩﺍﺭﺑﺴﺖ  ﻲﺗﺮﺷﻮﻧﺪﮔ ﻲﮋﮔﻳﺶ ﻭﻳﻭ ﺍﻓﺰﺍ ﻱﺰﻳﺖ ﺁﺑﮕﺮﻴﺧﺼﻮﺻ
ﻢ ﺑﺎ ﺁﺏ ﻗﺮﺍﺭ ﻴ، ﺩﺍﺭﺑﺴﺖ ﺩﺭ ﺗﻤﺎﺱ ﻣﺴﺘﻘﻲﺶ ﺗﺮﺷﻮﻧﺪﮔﻳﺑﺎ ﺍﻓﺰﺍ
. ﺑﻪ ﻫﺮ ﺣﺎﻝ ﺷﻮﻧﺪ ﻲﻣﻧﺎﻧﻮﺫﺍﺭﺍﺕ ﺍﺯ ﺳﻄﺢ ﺩﻭﺭ  ﻲﻭ ﺍﺯ ﻃﺮﻓ ﺮﺩﻴﮔ ﻲﻣ
ﺩﺭﺍﺩﺍﻣﻪ ﺍﻳﻦ ﺗﺤﻘﻴﻖ ﺑﺮﺭﺳﻲ ﺧﻮﺍﺹ ﻣﻜﺎﻧﻴﻜﻲ ﻧﻤﻮﻧﻪ ﻭ ﺗﻤﺎﻳﺰ 
ﻪ ﻴﻦ ﺗﻮﺻﻳﻧﻴﺎﺯ ﺍﺳﺖ ﺑﻨﺎﺑﺮﺍ ﻲﻋﺼﺒ ﻱﻫﺎ ﺳﻠﻮﻝﺑﻪ  ﻱﺎﺩﻴﺑﻨ ﻱﻫﺎ ﺳﻠﻮﻝ
ﻞ ﻴﻦ ﻗﺒﻳﺎﺯ ﻣﺒﺮﻡ ﺑﻪ ﺍﻴﺖ ﺑﻪ ﻧﻳﺑﺎ ﻋﻨﺎ ﻱﻘﺎﺕ ﺑﻌﺪﻴﮐﻪ ﺩﺭ ﺗﺤﻘ ﮔﺮﺩﺩ ﻲﻣ
ﺑﻮﺩﻧﺶ  ﺮﻣﺆﺛ، ﺩﻭﺯ ﻣﻨﺎﺳﺐ ﻭ ﻱﺍﻟﻘﺎﺀ ﻋﺼﺐ ﺳﺎﺯ ﻲﮋﮔﻳﺒﺎﺕ، ﻭﻴﺗﺮﮐ
 .ﺮﺩﻴﺸﺘﺮ ﻗﺮﺍﺭﮔﻴﻖ ﺑﻴﻭ ﺗﺤﻘ ﻲﺎﺑﻳﺩﺭﺍﻧﺴﺎﻥ ﻣﻮﺭﺩ ﺍﺭﺯ
 
  يﺮﯿﮔ ﺠﻪﯿﻧﺘ
ﺩﺍﺭﺑﺴﺖ ﺳﺎﺧﺘﻪ ﺷﺪﻩ ﺍﺯ ﻧﻈﺮ  ﺩﻫﺪ ﻲﻣﺣﺎﺿﺮﻧﺸﺎﻥ  ﻲﻣﻄﺎﻟﻌﻪ ﺗﺠﺮﺑ
 ﻲﺍﻧﺘﺨﺎﺏ ﻣﻨﺎﺳﺒ ﮐﺎﺭﺭﻓﺘﻪ ﺑﻪﻤﺮ ﻴﺒﺮﻫﺎ ﻭ ﻧﻮﻉ ﭘﻠﻴ، ﺍﻧﺪﺍﺯﻩ ﻓﻱﻣﻮﻓﻮﻟﻮﮊ
 ﺗﻮﺍﻧﺪ ﻲﻣ ALLP ﻧﺎﻧﻮ ﺩﺍﺭﺑﺴﺖﻭ  ﺑﺎﺷﺪ ﻲﻣﺑﺎﻓﺖ ﻋﺼﺐ  ﻲﻣﻬﻨﺪﺳ ﻱﺑﺮﺍ
ﻲﮑﺷﺰﭘ ﻪﻠﺠﻣ ﻪﻴﻣﻭﺭﺍ   ﻩﺭﻭﺩ۲۵ ﻩﺭﺎﻤﺷ ،۱۱ ،ﻢﻫﺩﺯﺎﻳ ۱۳۹۳ 
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 ﻲﺒﺳﺎﻨﻣﺮﺘﺴﺑ ﻥﺍﻮﻨﻌﺑﺎﻤﺗ ﻭ ﺖﺸﮐ ﻱﺍﺮﺑﻳ ﺰﻝﻮﻠﺳ ﺎﻫﻱ ﻨﺑﻴﺩﺎﻱ ﭘ ﻭﻴ ﺶ
ﺒﺼﻋﺯﺎﺳﻲ ﺎﻤﻧ ﻞﻤﻋﻳ.ﺪ  
  
ﺪﻘﺗﯾﺮﮑﺸﺗ و ﺮ  
ﺪﺑﻳﺳﻭ ﻦﻴﺎﻫ ﺕﺪﻋﺎﺴﻣﺯﺍ ﻪﻠﻱ  ﺖﻧﻭﺎﻌﻣ ﻎﻳﺭﺪﻴﺑ ﻲﻟﺎﻣ ﻭ ﻲﻤﻠﻋ
 ﻲﺸﻫﻭﮋﭘﮑﺷﺰﭘ ﻩﺪﮑﺸﻧﺍﺩﻲ ﮑﺷﺰﭘ ﻡﻮﻠﻋ ﻩﺎﮕﺸﻧﺍﺩﻲ ﺑﺩﺭﺍﻴ ﻦﻴﻨﭽﻤﻫ ﻭ ﻞ
ﺎﻣﺯﺁﻳﻨﺟ ﻩﺎﮕﺸﻴﺳﺎﻨﺷ ﻦﻲ  ﻭﻝﻮﻠﺳ ﺎﻫﻱ ﻨﺑﻴﺩﺎﻱ ﺍﻳﻧ ﻭ ﻩﺎﮕﺸﻧﺍﺩ ﻦﻴ ﺰ
ﺑﺩﺭﺍ ﻖﻘﺤﻣ ﻩﺎﮕﺸﻧﺍﺩﻴﻠﻲ  ﻲﻧﺍﺩﺭﺪﻗ ﺶﻫﻭﮋﭘ ﻦﻳﺍ ﻡﺎﺠﻧﺍﺭﺩﻣﻲ ﺩﻮﺷ.  
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FABRICATION AND   EVALUATION OF THE MORPHOLOGY, 
BIODEGRADABILITY,AND CHEMICAL CHARACTERISTICS OF 
THE NANO-FIBROUS SCAFFOLD POLY-L-LACTIC-ACID (PLLA) 
AND ITS APPLICATION IN NEURAL TISSUE ENGINEERING 
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Abstract 
Background & Aims: Nerve tissue engineering (NTE) is one of the most promising methods for the 
treatment of the central nervous system (CNS) neurodegenerative diseases. The three-dimensional 
distribution and growth of the cells within the porous of the scaffold have a significance clinical role 
in the NTE field. Scaffolds used in tissue engineering, not only must have a good performance, but 
they should also be porous, biocompatible and biodegradable. The present work aimed to fabricate and 
study the morphology, biodegradability and chemical characteristics of Poly-L-Lactic-Acid (PLLA) in 
order to use in the neural tissue engineering. 
Materials & Methods: In this experimental study, PLLA nano scaffold was fabricated with an 
appropriate structure and morphology using Electrospinning Technique. Fourier Transform Infrared 
(FTIR) spectroscopy and Scanning Electron Microscopy (SEM) were used to determine the physico-
chemical properties of the scaffold. Scaffold biodegradation was studied in Phosphate-buffered saline 
(PBS) for 40 days. Isolated stem and progenitor cells from subventricular zone of the adult mouse 
brain were cultured on the scaffold and their morphology and connection properties were 
characterized using SEM. 
Results: SEM studies indicated that PLLA is a nano-fibrous scaffold which shows the appropriate 
surface characteristics. Furthermore, this nanoscaffold showed a high degradation and water uptake 
rate in the degradation test. Finally, SEM studies confirmed the attachment and growth of the mouse 
neural stem and progenitor cells on the scaffold. 
Conclusion: These results suggested that the PLLA nano scaffold is an appropriate structure for the 
growth and differentiation of the neural stem and progenitor cells and the electrospining technique is 
an efficient method for the scaffold producing used in the nerve tissue engineering. 
Keywords: Tissue engineering, Scaffold, PLLA, Electrospinning, Neural stem cells, Biodegradation  
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